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PREFACE. 



The aim of the writer, in tiiis Essay, is to pre- 
sent a fair bird's-eye view of the subject of the 
antagonism of toxic agents, so far as this is possi- 
ble at the present time. First, the experimental 
part of the subject is given ; and then the practical 
bearing of these experimental researches. There 
is no unnecessary writing, as the subject is given 
as briefly as it will permit. Experiments which 
led to nothing are omitted, and those which gave 
positive results are not given at full length, but 
just the main results attained; and an illustrative 
experiment or two are alone related in detail. The 
practical bearings of the different experiments 
have been kept prominently in view throughout. 
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THE ANTAGONISM 
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THERAPEUTIC AGENTS 



a:n^d what it teaches. 



CHAPTER I. 

EXPERIMENTAL INQUIRY. 

This highly interesting subject has only very re- 
cently come prominently before the medical profession. 
The youngest bom of the therapeutic family, it already, 
however, promises to be one of the most active and 
vigorous of the various groups. Only a very few 
years ago all that we knew almost was confined to 
chemical antidotes. Alkalies would neutralize acids 
in the stomach ; tannin would form an insoluble com- 
pound with tartar emetic, albumen with corrosive subli- 
mate; sulphuric acid would form an inert compound 
with lead ; and the hydrated sesquioxide of iron would 
precipitate arsenious acid — provided of course that it 
was at hand in sufficient quantity. But these actions 
were confined to the poison still remaining in the ali- 
mentary canal ; and nothing could be done as to that 
2 
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■ffhieh was absorbed, but to wait and see whether the 1 
organism could eliminate it successfully, or perish in a 
vain attempt. Perhaps this statement needs some 
qualification as regards sulphuric acid and lead com- 
pounds, but broadly it is quite true. Chemical anti- 
dotes formed the frontier to which medical knowledge 
had advanced up to a very recent date — except some 
vague knowledge as to the antagonism existing betwixt 
opium and belladonna. 

The first dawnings of what promises to be the most 
pot«nt and withal most precise subject connected with 
therapeutics, commencing, as have many other import- 
ant measures, outside the profession— the first use of 
one drug to modify and counteract another— was that 
of the use of opiates to relieve the symptoms produced 
by an overdose of belladonna. It appears that bella- 
doima used to be given to relieve thirst by Italian ped- 
lers in the sixteenth century (15T0), and occasionally 
an overdose was ^ven, and then opiates were resorted 
to in order to modify the effects. Such was the be- 
ginning of any knowledge of the antagonism of reme- 
dies, a matter now being systematically studied with 
the greatest attention. 

The first definite attempt to utilize this antagonism 
of opium and belladonna occurred in 1661, when Hor- 
Btius gave opium to relieve the consequences of a large 
dose of belladonna. From that time forward one drug 
haa'^een used to overcome the effects of e 
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of the other. Hyoacjamus and stramonium, as well 
as belladonna, were given in opium-poiaoning with in- 
decisive results. Professor Frazer, F.R.S., thinks the 
expcrinaenta of Bois, Camna, Onaum, and Brown-S(S- 
quard insufficient to show that the lethal effects of 
opium can be warded off by tlieso agents, but holds 
that they do demonatrate that there are contrary or 
antagonistic actions of tliese agents which may be 
utilized. We shall see further on, that one of these 
contrary or antagonistic actions, namely, the effect 
upon the skin, may be utilized in practice with the 
happiest effects. 

This form of experimentation as to the antagonistic 
effect of various drugs has been chiefly conducted in 
England, though arising first abroad. Oue of the first 
investigations was that of Professor Preyer, of Jena, 
who publishe<I in 1870 the results of experimentation 
aa to the antagonism of atropia and prussic acid. He 
showed that the lethal action of pruasic acid was due 
to embarrasament of the lungs and heart by its action 
on the terminal branches of the vagi in these organs, 
and thought that the action of belladonna was antago- 
nistic and opposed to this ; but the experiments were 
not carried out completely, and were not corroborated 
by a series of experiments on the same subject insti- 
tuted by Bartholow, of Cincinnati. The action of an- 
other agent, muscarine, upon the action of atropia was 
studied experimentally by Schmiedeberg and Koppe, 



who published a memoir on this suhject in 1869. A 
more or less general untagonisra was fomid. 

The effects of belladonna npon the pupil of the eye 
are so prononnced that they offer a distinct temptation 
to observers to experiment as to the other actions of 
drugs which contract the pupil, when given along with 
it. Thua we have a large and valuable series of ob- 
servations as to the antagonism which exists betwixt 
Calabar bean and belladonna. These drugs have an 
opposite effect upon the iris, and experiments have led 
to the discovery that they have an antagonistic action 
in otiier directions ([uite as marked. In 1864 Klein- 
ivachter employed the Calahar bean in a case of poi- 
soning by belladonna with distinct relief of the symp- 
toms. Subsetjuently Boumeville, while trying the 
effect of physostigma upon tetanus, gave a large and, 
to the best of his knowledge, a lethal dose of Calabar 
bean to an animal, and then afterwanla, when the 
symptoms of poisoning were marked, a small quantity 
of atropine snbcutaneously, with the effect that the 
animal recovercil perfectly. Dr. Bartliolow made a 
few not very conclusive experiments as to the antago- 
nism of these two agents in 1870 ; but it ia to the ex- 
periments of Professor Frazer that we have to look for 
the moat complete account of this antagonism. The 
following notes are taken from his famous monograph 
on the antagonism between tlie actions of physostigma 
and atropia. First the minimum fatal dose of atropia 
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had to be found, and it was ascertained that it was 
nearly 22 grains for a rabbit weighing 3 lb. Then 
the minimum fatal dose of extract of Calabar bean was 
ascertained ; and it was found to be 0.4 of a grain per 
pound, or 1.2 grains for a 3 lb. rabbit. Of sulphate 
of physostigma the dose was one-tenth (yj) of this, or 
0.04 of a grain for every pouud. 

The first experiments were made with atropia ad- 
ministered before physostigma. To a rabbit weighing 
2 lb. 15J oz,, three-tenths (^n) of a grain of sulphate 
of atropia was administered subcutancously, and after 
an interval of five minutes one and a fifth (Ij) grains 
of extract of physostigma. The rabbit recovered per- 
fectly, though symptoms of poisoning were actively 
manifested. Ten days afterwards, the rabbit being 
perfectly well and having in the interval gained in 
weight, one and a fifth (IJ) grains of extract of phy- 
sostigma were injected without any atropia. The ani- 
mal began to manifest symptoms of poisoning in six 
minutes, and in twenty-two minutes from the time of 
the injection was dead. 

In another instance, to a rabbit weighing 3 lb. 4 oz, 
the seventeen-hundredth Cn^ju) of a grain of sulphate 
of atropia was administered subcutancously, and five 
minutes afterwards 3 grains and ^\ths of a grain (3-j»j 
gr.) of extract of physostigma were injected. The 
animal was very ill. In forty minutes the respirations 
had fallen to 13 times in 10 seconds. After the lapse 
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of two hours an improvement s 
six hours and a half had elapsed from the injection of 
the phjsostignia that the paralytic symptoms passed 
away. It recovered completely. Eight days after- 
wards, the rabbit having gained an ounce in weight, 
one grain and three-tenths (1^)- — one-third of the first 
dose— were administered, and in thirty-one minutes 
the animal was dead. 

In a third case, to a rabbit weighing 3 lb,, half (J) 
a grain of sulphate of atropia was injected, and in five 
minutes six-twenty-fifths (5^5) of a grain of the sulphate 
of pbysosligma were injected (efjual to jg = 2i§ of a 
grain of extract). The animal was very ill, but re- 
covered, and next day was active and well. Nine 
days afterwards, the animal being well, and having 
gained half-an- ounce iu weight, the same (quantity of 
sulphate of physostigma was given alone. In eight 
minutes the respirations cotisisted of mere gasps ; and 
in nine minutes and fifty seconds the animal was dead. 

Then the atropia and physostigma were administered 
together simultaneously. A rabbit weighing 3 lb. 12 
oz. had half (J) a grain of sulphate of atropia and 
three (8) grains of extract of physostigma injected 
simultaneously. This rabbit became very ill, the 
symptoms of Calabar bean poisoning became very 
marked, but next day it was about and well. On the 
tenth day after the experiment 1J grains of phyaos- 
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EXPERIMENTAL INQUIRY. 19 

tigma (half the first dose) were injected ; the animal 
died fifty-four minutes after. 

To a fourth rabbit weighing 2| lb. half (J) a grain 
of sulphate of atropia and one (1) grain of extract of 
physostigma were simultaneously administered sub- 
cutaneously ; severe symptoms followed, but perfect 
recovery took place. Thirteen days afterwards one 
(1) grain of extract of physostigma was given alone, 
and death resulted in eighteen minutes. 

Then some experiments were made with the physo- 
stigma administered before the atropia. 

To a rabbit weighing 3 lb. 2 oz. two and a half (2|) 
grains of extract of physostigma were administered, 
and five mintes afterwards half (|) a grain of sulphate 
of atropia. Though severely ill, it perfectly recovered. 
Eleven days afterwards the same quantity of the 
Calabar bean extract was injected, and in eleven 
minutes and a half the animal died. 

To another rabbit, weighing 3 lb. llj oz. two (2) 
grains of physostigma extract were injected, and eight 
and a half minutes after half (J) a grain of sulphate 
of atropia. Paralytic symptoms followed, but in one 
hour and forty minutes every symptom almost had dis- 
appeared. Four days afterwards one grain and a half 
(IJ) of the extract of physostigma was injected alone, 
and in fifteen and a half minutes the rabbit was dead. 

Into a rabbit weiojhing 2 lb. and 14 oz. one and a half 
(IJ) grains of extract of physostigma were injected. 
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and ten minutes and thirty seconds afterwards, when 
the animal was flaccid and paralyzed, one and a half 
(IJ) grains of sulphate of atropia were administered, 
Eiglit minutes after this the animal succeeded in rising, 
sat in a natural position, and quite recovered. Twelve 
days afterwards the physostigma was given alone, 
and the animal was dead in thirty minutes. 

Similar experiments to the ahove furnished like re- 
sults. After giving details of some further experiments 
Professor Frazer says : — " In these -various experi- 
ments the influence exerted by atropia upon the action 
of physostigma is shown to be a most remarkable and 
conspicuous one, for it efl'ectually counteracts the lethal 
activity of certain doses of physostigma, whether it be 
given within a certain time before, simultaneously with, 
or within a certain time after, that substance." 

Some experiments were then made upon dogs in 
order to test the above results. An experiment was 
made by injecting three-fifths (|) of a grain of sulphate 
of physostigma into a dog weighing 10 lb. 3 oz. and 
five minutes afterwards (when the animal was already 
ill) three-tenths (-^j) of a grain of sulphate of atropia. 
In an hour and fifty-five minutes the dog had perfectly 
recovered, having been very ill. Nineteen days after- 
wards half the quantity of physostigma, three-tenths 
(^) of a grain, was given alone, and in twenty 
minutes the dog was dead. 

Then two (2) grains of extract of physostigma 
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were injected into the facial vein of a rabbit weighing 
41b. Five minutes afterwards a thirtieth (^V) ^f * 
grain of sulphate of atropia was injected into the same 
vein. The animal became very ill, and it was not till 
three hours and ten minutes that it recovered itself 
completely. Seven days afterwards one grain and 
seven-tenths (Ix^o) of the sulphate of physostigma 
were given alone. In twenty-three minutes the rabbit 
was dead. Corroborative experiments were performed 
with like results. 

Experiments were then performed to find out how 
much more than the minimum lethal dose of Calabar 
bean could be successfully antagonized by atropine. 
It was found that three and a half (3 J) times the dose 
could be successfully met by atropine ; but not four 
(4) times the minimum lethal dose. Professor Frazer, 
too, ascertained, what has been also found by other 
experimenters, that death could be produced by the 
combined administration of non-lethal doses of each 
agent. Thus half the minimum lethal dose of physo- 
stigma ('06 of a grain) with nearly half the lethal 
dose of atropine (10 grs.) (lethal dose 22 grains for a 
3 lb. rabbit) given together produce a fatal result. 
Some further experiments were conducted as to the 
length of time which might be permitted to elapse be- 
twixt the administration of varying doses of the two 
agents, which, though of high interest, can scarcely be 
quoted here. 
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The whole series of these exact and careful experi- 
ments shows how potent atropine is in counteracting 
the lethal effects of physostigraa. Though no particular 
direct advantage aa yet has heen found to accrue from 
these experiments they have heen productive of useful 
practical resnlts, by illustrating the action of Catahar 
bean, which results will he given in an after section of 
this essay — tlie practical section. 

The next experiments to be referred to are those of 
the Edinburgh Committee of the British Medical Asso- 
ciation, conducted by the late Professor J, Hughes 
Bennett. He first ascertained the minimum fatal dose 
of strychnia in the rabbit, and found it was one ninety- 
sixth (g^a) of a grain for a 3 lb. rabbit, or one two- 
fa undred-and-eighty -eighth (j8h) **f ^ grain per pound. 
The minimum lethal doae of chloral hydrate he ascer- 
tained to be seven (7) grains to the pound, twenty- 
one (21) grains for a 3 lb. rabbit. Experiments were 
then made with varying quantities of these substances 
given together with striking results. As it is impossi- 
ble to give the results of every single experiment, a 
selection must be made which will show, as fairly as is 
possible by such selection, the results obtained. 

To a. rabbit weighing 2 lb. 13 oz. fourteen (14) 
grains of chloral hydrate were given along with one- 
seventieth (Vir) of a grain of strychnia: the animal 
recovered. Seven days afterwards the same dose of 
strychnia alone proved fatal in eighteen minutes. 
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To a rabbit weighing 3 lb. 3 oz. eight (8) grains of 
chloral and one-eightieth (g'^) of a grain of strychnia 
were given simultaneously. It recovered, and in seven 
days died of the same amount of strychnia given alone 
in twenty (20) minutes. 

To a third rabbit weighing 2 lb. 12 oz. eighteen (18) 
grains of chloral hydrate and one-fortieth (,'jy) of a 
grain of strychnia were given together, and the animal 
recovered. Seven days afterwards the same dose of 
strychnia proved fatal in twelve (12) minutes. 

The antagonism of the two agents is well displayed 
by these experiments. Even when the animal was in 
a sound sleep any irritation produced severe twitch- 
ings, showing that the reflex excitability of the cord 
was increased by the strychnia in spite of the chloral 
sleep. 

Then it was determined to ascertain the potency of 
hydrate of chloral over strychnia-poisoning when given 
at varying intervals after. To rabbits weighing 3 lb., 
or within an ounce of that weight, sixteen (16) grains 
of chloral were administered, and some minutes after, 
one-ninety-sixth (p'g) of a grain of strychnia. Up to 
eight (8) minutes after the chloral was effective ; but 
if ten (10) or more minutes had elapsed, the chloral 
was powerless to avert death. Thus, when the chloral 
was given ten minutes after the strychnia the animal 
survived over thirty-five (35) minutes ; but when given 
twenty-two minutes after it only survived twenty (20) 
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' miuuU-'rf. (^The first auri'ived forty-five (.45) n 
! after the adniinistratioii of the strychnia ; tbe set 
but forty-two (42) minutes.) 

Following out the observations of Oscar LiobreUj 
I that minute doses of awychnia would rouse rabbits o 
I of the coma-sleep of chloral, some experiments to t> 

this effect were made. Uere there is a little difficulty 
' to encounter, in that aomeiiniea the chloi'al killed the 
i rabbit and sometimes the strychnia. Thus to a rabbit 
weighing 3 lb., twenty-four (24) grains of chloral 
■ were given, and fifteen minutes after one-fortieth (^'g) 
. of a grain of strychnia ; the animal died with wjiiisms 
. and opisthotonos. 

To another weighing 8 lb., twenty-three (23) gi-aiiia 
1 of chloral were given, and thirteen minutes afterwards 
I one one-hundred-and-tenth (tto) of a grain of strych- 
nia ; the animal died in profound coma. 

But in a number of cases results identical with the 
following were arrived at : To a rabbit weighing 3 lbs 
2 oz., twenty^one and a half ('21j) grains of chloral 
hydrate were given with one-hundredth (yJio) of a 
grain of strychnia, fifteen (to) minutes afterwards 
the animal recovered, and four days afterwards died 
of the same dose of chloral alone. 

These experiments showed that the injection of 
strychtiia after a fatal dose of chloral exercised but 
uncertain results : and the animals died comatose even 
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when twitchinga indicated the excited condition of the 
spinal cord. 

Then rata were exjieriraented upon. It was found 
that with tliem comparatively arnaller doses of chloral 
and larger doses of strychnia were reijuired. Thus 
one and seven-eighths (1^) of a grain of chloral was 
enough to kill a rat weighing twelve (12) ounces ; 
while one-sixtieth CbV) "^ ^ grain of strychnia was 
the minimum lethal dose. Thus rats die from two 
grains of chloral to the Ih. weight; rabhits sovea 
grains per pound. Rata reijiiire one-aixtietli (b'j-) of 
a grain of strychnia per pound ; rabbits about a three- 
hundredth (jna), a 3 lb. rabbit taking one-hundredth 
(t4d") ^°^ ^ f**^' dose. In order to show the antago- 
nism in rats a case may be qnoted where to a rat 
weighing 11 oz. three (3) grains of chloral were given 
with one-forty -fourth (I'j) of a grain of strychnia. 
The animal recovered after considerable twitchings. 
Some time afterwards the animal died of the same 
dose of strychnia in eighteen minutes. But in this 
series of esperimenta occasionally the chloral killed, 
and at other times the strychnia ; still broad results 
tended to demonstrate the antagonism of these two 
agents. 

Prof. Bennett showed the antagonism of these tivo 
agents on several public occasions. He writes : " Take 
two rabbits of about 3 lb. weight ; inject under the 
skin of both one ninety-sixth (g'a) of a grain of strych- 
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ria and tbon in one a solution of fifteen (15) g 
of chloral ; in ten minutes the one will leap into ti 
air and fall down tetanic and dead ; the other will { 
to sleep and in about two hours will wake up as i 
nothing were the matter. A more certain antidote 
does not exist." 

Experiments were next performed in order to ascer- 
tain the antagonism existing betwixt sulphate of atropia 
and Calabar bean. This matter has been thoroughly 
investigated by Prof. Frazer, and need not be gone 
into again. It may be well, however, just to quote 
what Prof. Bennett says as to the results generally ; 
"An analysis of these cases siiows that sulphate of 
atropia prolongs life, and may even save it, after a 
fatal dose of Calabar bean. The antagonistic influ- 
ence of sulphate of atropia on the effects of extract 
of Calabar bean is not nearly so well marked as that 
of chloral hydrate as an antagonist to the effects of 
strychnia." It will be seen further on, that these 
conclusions of Prof. Bennett's as to the antagonism of 
hydrate of chloral and strychnia corroborate and 
confirm the conclusions of Oscar Liebreich, of Berlin, 
also arrived at by experimentation. 

To follow Prof. Bennett, the next investigation waa 
to test for the effects of hydrate of chloral and Calabar 
bean given together. 

Thus, to a rabbit weighing 3 lb. 12 oz. fifteen (15) 
grains of hydrate of chloral were given, and fourteen 
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minutes afterwards a quarter (J) of a grain of extract 
of Calabar bean, with the result of recovery. The 
experiment was varied as to dose and time with some- 
what diiferent results, so it was determined to try a 
crucial test. 

Thus, for instance, fifteen (15) grains of chloral 
were given to a rabbit weighing 3 lb., and fifteen 
minutes afterwards two-thirds (f ) of a grain of Calabar 
bean extract, the animal recovering. Eight days after- 
wards the same dose of extract of physostigma was 
given alone, and the rabbit died in seven minutes. 

In a less perfectly successful case fifteen (15) grains 
of chloral were given to a rabbit weighing 3 lb. J oz. 
and eleven (11) minutes afterwards two-thirds (f ) of 
a grain of Calabar bean extract ; the animal died in 
120 minutes (two hours). This shows that death was 
deferred even when life could not be saved, as without 
the chloral death would (according to the crucial tests 
applied to the survivors) have taken place in from ten 
to fifteen minutes. Prof. Bennett's conclusions are, 
then — "(1) That hydrate of chloral modifies to a great 
extent the action of a fatal dose of extract of Calabar 
bean, mitigating symptoms and prolonging life. (2) 
That hydrate of chloral, in some cases, saves life from 
a fatal dose of extract of Calabar bean." 

The opposite experiment was then tried of giving the 
Calabar bean extract before the chloral. Thus to a 
rabbit weighing 3 lb. two-thirds (f ) of a grain of 
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Calabar bean extract were given, and three minute 
afterwards fifteen (15) grains of choral. The animal 
was ill for eight hours but ultimately recovered. Eight 
days afterwarda the same dose of phyaostigraa given 
alone produced death in twelve minutfls. In less suc- 
cessful cases death was delayed for a marked time. 
These experiments showed that chloral is less effective 
when given after the administration of Calabar bean, 
because, says Prof. Bennett, " the extract of Calabar 
bean produces its more severe physiological effects ten 
or twelve minutes after the administration of the fatal 
dose. In some cases the effects occur even sooner. 
On the other hand, a rabbit is not deeply under the 
influence of hydrate of chloral until fifteen or twenty 
minutes after it has been given. If the effects of the 
extract of Calabar bean appear before those of hydrate 
of chloral, they usually run quickly to a fatal issue, 
because the antagonist, hydrate of chloral, ia not act- 
ing with sufficient vigor to restrain them," 

Some experimeuts were made to ascertain if any 
antagonism existed betwixt morphia and Calabar bean; 
the results were entirely negative. 

An inquiry was next instituted as to the antagonism, 
long sud ta exist, betwixt morphia and belladonna. 
The first step was to observe the effects of each drug 
given separately and then to note the effects of their 
combined administration. Thus " out of twenty-one 
experiments in which what was held to be a fatal dose 
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of meconate of morphia was followed by a dose of 
sulphate of atropia, six recovered. When the crucial 
test was applied to tliese six rabbits, six days later, by 
injecting ten (10) grains of meconate of morphia with- 
out sulphate of atropia, four died and two recovered." 
The effect of the atropia was to contract the dilated 
bloodvessels ; as was well seen in the vessels of the 
ear, at the same time that the contracted pupil dilated. 
One of the most auccessful of these experiments went 
as follows. Ten grains of meconate of morphia were 
given to a rabbit weighing 3 lb. 9J oz. and two and a 
half (2J) minutes afterwards a grain and a half (IJ) 
of sulphate of atropia. The animal recovered after an 
illness of three hours. Six days afterwards it died in 
110 minutes from the same dose of njeconate of morphia 
given alone. On reversing the experiment it was 
found that out of eleven instances in which a dose of 
sulphate of atropia had been given previous to what 
was held to he a fatal dose of meconate of morphia, 
seven recovered. Of these seven four succumbed to 
the crucial lest. 

One of the most successful experiments was this. 
To a rabbit weighing 3 lb. 11^ oz. two (2) grains of 
sulphate of atropia were administered and seven minutes 
afterwards ten (10) grains of meconate of morphia, the 
animal recovered ; hut six days afterwards died of the 
same dose of meconate of morphia given alone. 

A series of experiments were made to test the iniiu- 
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ence of atropia upon large doses of the meconate of 
morphia, and in every case death was postponed there- 
by. Thus to a rabbit weighing 3 Ih. 8^ oz. two (2) 
grains of sulphate of atropia were given at an interval 
of two minutes after twelve ^12) grains of morphia 
had been injected: death did not take place for 110 
minutes. Much the same results were attained when 
the morphia was given after the sulphate of atropia. 
Where larger doses of atropia were used with smaller 
ones of morphia death occurred after about the same 
lapse of time: indeed in some cases death seems to 
have been accelerated by the proportions used. 

This antagonism of morphia and belladonna had pre- 
viously to the formation of this Edinburgh Committee 
been made the subject of experiment by Dr. John 
llarley in England and by Weir Mitchell, Keen, and 
Morehouse in America ; the conclusions arrived at not 
being in harmony with each other. Dr. Harley thought 
that atropia relieved the syncope produced by opium 
very perfectly ; while the American observers found 
that the different rates at which these agents affected 
the system made it difficult to estimate the results ex- 
actly. They found that morphia did not prevent or 
interfere with the influence of belladonna upon the 
pulse. As regards the toxic effects on the cerebral 
organs, the two agents were mutually antidotal. Prof. 
Bennett tested this last antagonism by experiments on 

dogs. 
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One of the most successM experimonta was as fol- 
lows. To a dog weighing 14 )1>. two and a quarter (2\') 
grains of meconate of morphia together with two-thirds 
(§) of a grain of aulphat« of atropia were simultane- 
ously adminiatered. The coma was disturbed by deli- 
riimi during the first two hours, hut after that it went 
on for other four and a half hours undisturbed, after 
which the animal recovered. After ten days the 
morphia was given alone, in an hour the animal was 
comatose, in which state it lingered for ten houra 
before it died. 

This experiment was repeated on a dog weighing 
13J lb. For the first three hours it was chiefly 
under the influence of the atropia, rocking its head 
about, with dilated pupils and a fast pulse, after that 
it went into coma but ultimately recovered. Ten days 
afterwards the morpliia was given alone ; in an hour 
and a quarter the animal became comatose, and died 
ten hours afterwards. Thus the antagonism was demon- 
strated generally and the effects upon the cerebrum 
in particular. 

Some points for consideration in the antagonism 
of morphia and atropia will require discussion in the 
latter — the practical portion of this essay ; where 
attempts to utilize this antagonism will be considered. 
The results arrived at by several inquirers will then be 
compared ; so that the work of Prof. Bennett may be 
proceeded with without break or interruption at present. 
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The next investigation proceeded with by the Edin- 
burgh Committee was one to ascertain the relations of 
morphia to the different vegetable principles, thein, 
caffeine, cocoaine, and guaranine: and to test for any 
antagonism that might become manifest during the 
inquiry. This branch of the investigation was carried 
on by Dr. Alexander Hughes Bennett, who found 
that the minimum lethal dose of meconate of morphia 
in cats weighing about 4 lb. 12 oz. was one and a quar- 
ter C^i) grains. For a cat of like weight eis (6) 
grains of theine was a dose sufficient to cause certain 
death. He then performed some experimeuts with the 
minimum fatal dose of each drug given simultane- 
ously. The majority died either of the morphia or the 
theine ; bnt a number recovered perfectly, demonstra- 
ting a distinct antagonism t« exist within certain limits. 
The smallest lethal dose of caffeine he found to be 
about six (6) grains for a cat about 5 lb. He then 
gave the lethal dose of meconate of morphia to cats 
and with it three or four grains of caffeine. A 
certain proportion recovered, after prolonged stupor; 
and of these a number succumbed to the crucial teat 
of an equal quantity of morphia given aloue eight 
days afterwards. It was also found that guaranine 
modified the action of morphia to aome extent, but 
not markedly. 

A series of experiments were then made to test the 
actioD of strychnine and Calabar bean given simulta- 
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neously. We saw before that the minimum lethal dose 
of fltryehnine was one ninety-sixth C(?j) of a grain for 
a 3 lb, rabbit. It waa found that whenever a oiie-hun- 
dred-and-twentieth (jln) of a grain of strychnine waa 
given to a rabbit ivcighing 3 lb. 8J oz, along with one- 
third (J) of a grain of extract of Calabar bean the 
animal died in an hour. Now the minimum dose of 
extract of Calabar bean given alone is 1.2 gnuns 
(Fraser) for every three pounds, or Dr. Cook's extract 
(used by Bennett) three-quarters (|) of a grain. 
Thus it wa^ found that leas than the minimum lethal 
doses of strychnine and Calabar bean given together 
cause death. This fact is one which has bcenfound by 
all experimenters almost, vii!., that less than the mini- 
mum lethal dosea of two drugs, which modify each 
other's aotioo, given simultaneously, will in certain 
cases nob successfully antagonize each other but will 
cause death. This matter will be referred to again in 
the latter section of this essay. 

Prof. MacKendrick conducted a series of experi- 
ments to test the antagonism of hromal hydrate (a more 
potent substance than chloral hydrate) and atropia. 
He found that for a rabbit weighing about 3 lb. 10 oz. 
four (4) grains of hromal hydrate waa a lethal dose. 
He then tried the effects of the simultaneous injection 
of bromal hydrate and sulphate of atropia. Thus to a 
rabbit weighing 3 lb, 12 oz. four (4) grains of bromal 
hydrate were injected along with one and a half (IJ) 
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grains of the atropia. The result was recovery ; the 
same rahbit dying in twenty (20) minutes three days 
afterwards of the same dose of bromal hydrate. The 
converse did not hold good, and the injection of bromal 
hydrate was powerless to a,vert death when given after 
a letha! dose of atropine. 

The next most important series of experiments illus- 
trating antagonism was performed by Dr. Crichton 
Browne at the West Riding Asylum, Wakefield; who 
was inspired by Prof. Bennett's report to teat the action 
of picrotoxine, the active principle of cocculus indicus. 
Coceulus indicus had long been used by poachers to 
poison fish with, rendering them drunk aud incapable 
BO that they gather to the shore and are easily caught 
in hand-nets. This property of producing drunkenness 
had attracted the attention of dishonest brewers who 
used it to economize malt, and to give to cheap and bad 
beer a sufficiency of intoxicating property to render it 
salable. Having observed its effects on rabbits and 
guinea-pigs, Dr. Browne found that it produced in 
toxic doses very pronounced symptoms ; acting chiefly 
upon the cerebro-spinal centres, and producing clonic 
spasms, the dorsal muscles of the trunk being strongly 
affected. Bearing in mind what Prof, Bennett had 
observed of the power of chloral to control the convul- 
sions caused by strychnia- poisoning, Dr. Browne deter- 
mined to test its efficacy upon picrotoxine poisoning. 
Having found that the minimum lethal dose of picro- 
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toxine for a rabbit weighing 3 lb. was one- twentieth 
(s'lr) °^ * fjr^ii, he admin is to red along with this ten 
(10} grains of chloral in one case, with the result that 
though the rabbit was very ill it perfectly recovered, 
Theae experiments are very graphically described in 
perspicuou.s language, and are thus rendered doubly 
interesting. It appears that the chloral held the 
animal quieacent until the effects of the picrotoxine 
wore off. Thus without the chloral the rabbit would 
have died in betwixt eighty and ninety minutes with 
certainty. With the chloral the animal was very ill, 
but after the lapse of ninety minutes it was able to get 
up and get away ta a comer. Two hours after the 
injection it was comparatively quite well and feeding. 

Dr. Browne varied his experiments, and found that 
even so much as one-fourth (J) of a grain of picrotox- 
ine could be survived if accomiianied by a full dose (21 
grains) of chloral hydrate ; and tliat even with half 
(I) ^ gi'ain death did not talte place for eis ((j) hours. 
No rabbit was ever found to survive one-sixteenth (^^g) 
of a grain of picrotoxine alone, so that no crucial teat 
was applied to those rabbits which survived the first 
experiment of the co- administration of picrotoxine and 
chloral. To those rabbits to which one-twentieth (j'j) 
of a grain of picrotoxine was given with eliloral, the 
same dose was given a week later with the result that 
the rabbits died within (90) minutes after the injec- 
tion of the picrotoxine. 



It appears that when MI doses of picrotoxtne (J of 
a grain) and of chloral hydrat* (15 grains) were given 
together, the animal in about twenty-five minutea was 
wrapt in a deep ehloral sleep broken by clonic picro- 
toxine spasms at intervals. These clonic spasms oc- 
cutred about every three (3) minutes, the animal being 
fast asleep during the intervals. The same phenomena 
were observed with guinea-piga. It was found that 
onc-tbirtieth (j'd) of a grain of picrotosine was suffi- 
cient to kill with certainty a guinea-pig weighing a 
pound and a half, showing that guinea-pigs are not 
quite so susceptible to the poison as rabbits. When 
this lethal dose was combined with five (5) grains of 
chloral hydrate, the guinea-pig recovered. The chloral 
sleep was broken by twitchings and imperfect convul- 
sions. Even one-sixteenth (^a) of a grain was sur- 
vived by a guinea-pig weighing only 1 lb. 2 oz, when 
seven (7) grains of chloral hydrate were given at the 
same time. This was twice the minimum lethal dose. 
As much aa one-eighth (^) of a grain was survived ten 
hours and a half by a guinea-pig weighing 1 lb, 7 oz. 
when eight (8) grains of choral hydrate were simulta^ 
neously administered with it. 

Having clearly proved the antagonism existing be- 
twixt these two agents, Dr. Browne then experimented 
to ascertain how long the administration of the chloral 
might be delayed and yet a fatal result be averted. He 
found that when a twentieth d'^) of a grain of pioro- 
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toxine was given to a guinea-pig weighing about 1 lb. 
9 oz., the minimum lethal dose beiuy one-thirtieth ( j'j) 
or one and a half times the smallest fatal dose, and 
then seven (7) grains of chloral hydrate given within 
half an hour, the animal survived. When the chloral 
was not given till thirty-eight (38) minutes after the 
picrotoxine a fatal result followed. 

The next point to be settled was this : " Could the 
lethal action of cliloral he as certainly arrested and 
modified by picrotoxine, as that of picrotoxine had 
been shown to be by chloral liydrate ?" The Eilin- 
burgh Committee had determined that twenty-one 
grains for a 3 lb. rabbit, or seven grains per lb. of 
body weight, was the minimum lethal dose of chloral. 
Taking this as a basis, twenty-three (23) grains of 
chloral were ^ven to a rabbit weighing 3 lb, 4 oz. and 
with it one-fortieth (^i^s) of a grain of picrotoxine, the 
sleep was but slightly disturbed and the animal recov- 
ered, lucreaeingly larger doses were given of each 
agent until it was found that even 40 grains of chloral 
could be survived by a rabbit weighing 2 Ih. 9 oz. when 
one-twenty-fifth (a^j) of a grain of picrotoxine was also 
given with the chloral. The crucial test was used in 
this series of experiments, with the result that it was 
found that the rabbits recovered from doses of chloral 
up to 35 grains aa surely without the picrotoxine as 
with it ; their sleep being sound and undisturbed in- 
stead of broken — that was all the difierence. It be- 
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came necessary then to test the minimum lethal dose 
of chloral upon the Yorkshire rabbits, when it waa 
found that twelve (12) grains to the pound weight waa 
the lowest certainly fatal dose. This discrepancy waa 
due to the fact, in all probahility, that Dr. Browne's 
experiments were performed in a room with a tempera- 
tare of 56° Fahr. and the animals were laid before the 
fire and on cotton wool ; the eifects of tempcruture 
upon chloral poisoning having been clearly ascertained 
by Dr. Lauder Erunton and others. So another set 
of experiments were made on ttiis new basis of twelve 
(12) grains of chloral to the pound of body weight, 
when it was found that small doses of picrotoxine 
had little or no effect upon the final result. Then 
larger doses of picrotosine were tried, but without the 
desired result. Even as much as one-fourth (J) of a 
grain of picrotoxine failed to avert death after forty 
(40) grains of chloral had been administered. 

Nevertheless tJie picrotoxine was not without effect. 
" It limited the depth of the chloral narcosis, and 
broke in upon it occasionally by intervals of aemi- 
wakefulnesB, in which there were various spontaneous 
movements." It alao prevented to a considerable ex- 
tent the fall of temperature and of the respirations 
occasioned by chloral. Thus to one rabbit weighing 
3 lb. and 1 J oz. thirty-five (35) grains of chloral were 
given alone, and its temperature fell from lOO-l'^ to 
85-8°j and its respirations per minute from (JO to 16, 
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wlicu it (lied. To anoUier rabbit weighinf; 2 lb. 14J 
oz, also thirty-five (35) grajna of chloral were given, 
but with this dose was given one-twentj-fifth d^j) of a 
grain of picrotoxine. Its temperature fell from 100" 
to 90" and its respirations from 72 to 52, when it gra- 
dually recovered. This indicates a dit^tinct antagonism , 
in several directions. 

Some experiments with picrotaxine and chloral hy- 
drate were next made on cats, with unsatisfactory 
results. Some further experiments promised by l)r. 
Crichton Browne will probably throw some light upon 
the different effects upon cats to rabbitn and guinea- 
pigs. Already Dr. Browne has seen that the effects 
of chloral are more pronounced upon animals with con- 
voluted than witli smooth bruins. Idiots take larger 
medicinal doses of chloral than other persons, whether 
sane or insane. The next series of experiments on 
any extensive scale was made by myself. 

I commenced by following out some primitive experi- 
ments on the frog illustrating tlie antagonism of aconite 
and difptalis, performed in 1870. It became neces- 
sary in the first instance to ascertain the minimum 
lethal dose of these drugs in the animals to be operated 
upon. It was found that aeonitine as prepared by 
Messrs. Morson was a very deadly poison, one three- 
hundredth (jon) of a grain being fatal to a rabbit ' 
weighing 3 lb., while one four- hundredth Ciin^ ''^^ 
BufScicnt for a raijbit weighing 1^ lb. The guinea- 
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pig was even more susceptible to this agent, anil one 
twelve-hundredth (xjVo) of a grain was found anffi- 
cient to kill with certainty a guinea-pig weighing IJ 
lb. A cat weighing 3 lb. was killed in 55 niinut«3 by 
one-sixtieth (g'j) of a grain of aconitine. Of digitalino 
it was found that about one (1) grain (S. and H. 
Smith's) to the pound weight was the minimum fatal 
dose. Digitaline and aconitine were then Eimulto- 
neoualy administered with little positive result, the 
action of the aconitine being little influenced thereby. 
When however the digitalis was given some {from 5 to 
9) hoora before the aconitine a disdnct protective in- 
fluence was exercised. Thus to a rabbit weighing 3 
lb. 1 oz. one grain and three-tenths (l^o) of digitaline 
were administered and five hours afterwards one two- 
hundredth (nia) of a grain of aconitine (or one-half 
more than the lethal dose), the rabbit recovered. A 
week afterwards the same dose of aconitine was ^ven 
alone, death being the consequence in fifty minutes. 
But when given at a Icsa interval death was not only 
not averted, but the poison secnied positively intensi- 
fied. This curious fact about drugs ordinarily antag- 
onistic has been noted by several other experimenters. 
Finding the antagonism of aconite and digitalis in the 
rabbit thus unsatisfactory I turned my attention to bel- 
ladonna, and tested for any antagonism existing be- 
twixt it and aconitine. Thus to a rabbit weighing 2 
lb. 6 oz. I gave three (3) grains of atropia and six 
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minutes afterwards one three -hundredth (jj ) of a 
grain of aconitine: the anioiiil survived. A week 
afterwards tho same rabhit had the aconitine alone and 
died in two hours and a half. 

Then small non-fatal doses of aconitine were tried 
upon lethal dosos of atropia with negative results. It 
was next determined to try the effects of small doaea 
of atropia 4 grains (ahout one-fifth of the lethal dose — 
20 grains) upon lethal doses of aconitine previously 
administered. The results were very atrildng. Thus 
to a rahbit weighing 2 lb. 4 oz. one three-hundredth 
(loir) °f * grain of aconitine was given, and two min- 
utes afterwards four (4) grains of atropine, the animal 
recovered. 

To another rabbit weighing 2 lb. 9 oz, also one three- 
hundredth (bJj) of a grain of aconitine was given and 
13 minutes atterwards four (4) grains of atropia ; the 
animal recovered. When put to the crucial test of the 
same dose of aconitine alone a week afterwanls the 
animals all died. It was found however that if the 
administration of the atropia was delayed beyond 16 
minutes it was powerless to arrest the lethal action of 
the aconitine. "It is very interesting to see how the 
rahbits under the influence of aconitine, but protected 
by the previous administration of digitaline, or the pre- 
vious or subsecpient administration of atropine, will 
become excceilingly ill, but, instead of a fatal, there 
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follows a process of rapid recovery." (^Brit. 3Ied. 
Jmimal, Aug. 4, 1877.) 

The result-s of this series of e."cperinient3 were so 
striking and satisfactory that it was detemiined to try 
the effects of atropine on chloral hydrate in lethal 
doses. The results were not very encouraging. The 
atropia certainly prolonged life very considerably, but 
that was all. The influence exercised by atropia over 
chloral poisoning fell far short of that which Prof. 
Hughes Bennett had found strychnia to exercise. 
Indeed he found strychnia to antagonize the chloral 
successfully in the majority of instances. The oppo- 
site experiment of the effect of non-fatal doses of 
chloral upon lethal doses of atropia gave also negative 
results. 

The next experiment devised waa to test the effect 
of lethal doses of strychnine upon lethal doses of 
aconitine. Thus to a rabbit weighing 2 lb. 9 oz. one- 
three-hundredth (3 bo) of * grain of aconitine was ad- 
ministered and, after an interval, one fiftieth (jo) of 
a grain of strychnia : it recovered. This dose of 
strychnia is twice the minimum fatal dose according to 
Prof, Eennet. The antagonism of strychnine and acon- 
itine is very marked, so far as the influence of strych- 
nine upon lethal doses of aconitine is concerned ; but 
whether aconitine exercises a favorable influence over 
strychnine in lethal doses there is yet no evidence to 
show — these experiments being cut short abruptly at 
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this very interesting poiut by the p 
section Act. 

Digitalis exercised none or but little influence over 
the failure of the respiration iuduceil by the aconite. 
The lesson of these experiments then ia chieBy that 
aconite killa by paralyzing the respiration, while atro- 
pine and strychnine, which act very powerfully upon 
the respiratory centres, were potent to prevent ileath. 
The effect of digitaline given hours before the aconitine 
illustrates how closely the respiration is linked with 
the circulation, and how difficult it will be to effectu- 
ally separate the action on the respiration from the 
effects upon the circulation, in differentiating the action 
of these two powerful toxic agents. 

Such are the main experiments which have been 
made for the purpose of testing the antagonism exist- 
ing betwixt certain potent remedial agents. A few 
leas important intjuiriea may be added. 

Prof. Sydney Ringer having observed the antago- 
nistic or rather opposite action of belladonna and jabo- 
randi upon the skin and salivary glands, had a ease of 
atropia poisoning brought into his ward in University 
College Hospital. It was a boy who had taken one 
(1) grain of atropia five (5) hours previously. Half 
a drachm of jaborandi-l eaves was given in infusion and 
in a quarter of an hour his mouth had become much 
less dry ; and in an liour he was sweating freely and 
his mouth was normally moist. This was satisfactory, 
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SO Prof. Ringer followed it up hj an experiment. 

gave one-third (J) of a grain of pilocarpine, the prin- 
ciple of jaborandi, to a patient subcutaneously ; and 
after free salivation and sweating had been established, 
he injected subcutaneously one-hundredth (riir) of a 
grain of atropine. In five minutes tbe skin was quite 
dry. A couple of cases of belladonna-poisoning shortly 
after this again enabled him to test the antagonism ex- 
isting between these two agents. 

On Dec. 24, 1875, J. C, setat 64, had swallowed 
from 1 to 2 drachms of belladonna liniment at 12.30. 
An hour after this he was brought to the hospital and 
an emetic administered. At 2.50 the pulse was 100, 
and the respirations 22. The legs became rigid, and 
delirium set in in five hours. During this time jabo- 
randi had been given. At 2.15 one-third (J) of a 
grain of pilocarpine was administered ; at 3.15 another 
third of a grain ; at 3.50 another third ; and at 5 a 
fourth third of a grain ; ao that in all the man got Ij- 
grains of pilocarpine. This modified the symptoms, 
and the man recovered. 

In a second case a girl of four drank some beUa^ 
donna liniment (it was said by her mother about half 
an ounce) at 12.30, September, 1875. One grain of 
pilocarpine was injected at five different times; tbe 
first 2.5 minutes, the last 8J hours, after the taking of 
the poison. A decided influence was produced by tho 
pilocarpine, but tbe details are not given at length. 
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Some experiments on the antagonism of strychnia 
and hydrocyanic acid were conducted last year by Dr. 
Lauder Brunton, F.R.S., and Mr. W. J. S. Ladell and 
Mr. W. Outhwaite. After relating the experiments 
performed by them, they conclude their report: "Al- 
though hydrocyanic acid may somewhat lessen the 
tetanic convulsions produced by strychnia, it cannot be 
employed as an antidote to that poison with any hope 
of success." It seems unnecessary to give any account 
of these negative experiments. 

A series of experiments as to the antagonism of 
strychnia and nicotin have been conducted by Dr. 
Francis L. Haynes in Philadelphia quite recently. 
He found that when a small dose of nicotin (from 
^To'dtt ^^ ^s^ir) w^s injected into a rat, its breathing 
became labored, and signs of general prostration were 
induced. After larger doses (from wigiir to Rxlo) 
convulsions occurred. The respiration after each con- 
vulsion ceased for several seconds, and sometimes for 
more than a minute. When death occurred it was 
through failure of the respiration. The heart invaria- 
bly continued to beat for a time after the respiration 
had ceased. The minimum fatal dose of nicotin for 
rats weighing lOJ oz. was about '^.xJiy- ^^^ same 
profound disturbance of the respiration was found to 
take place in rabbits, for which animals one- eightieth 
(fiu) ^f ^ grain to the pound weight was a lethal dose. 
One curious fact has been elicited by Dr. Haynes's 
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experiments, and that is tliia. An animal — ^rabtit, 
cat, or dog — will survive a certain dose of nicotio ; 
and after Bome days a certain doae of strychnia ; but 
if the same doses of the two agents be given together 
a week afterwards, death occurs swiftly with powerful 
tetanic convulsions. The fact of the combination of 
two toxic agents in non-lethal doBCB causing death 
rapidly has been noted by other observers, and is a 
troublesome fact to be overcome in estimating the 
practical outcomes of tliese varied experiments as to 
the antagonism of toxic agents. Sufficient, however, 
has been done to point to some very valuable conclu- 
sions of which some account will next be given. The 
provisions of the Vivisection Act have arrested the 
pursuance of these inquiries in Great Britain, but a 
grand field is opened up to foreign inijuirers, in which 
tliey will gather up many important facta, and add 
much to the resources of practical medicine. 

The practical outcomes of the experiments related 
above, taken in conjunction with the results of other 
inquiries will next be given. 



CHAPTER II. 

PRACTICAL INQUIRY. — ACTION OF DRUGS CHIEFLY AS 
ASCERTAINED BY EXPERIMENT — CALABAR BEAN. 

■ 

The therapeutic usefulness of Calabar bean is yet 
to be thoroughly investigated, and especially its cfifects 
on the circulation and respiration. So far its action 
on these systems has only led to its use in the treat- 
ment of the general paralysis of the insane.' In Prof. 
Frazer's experiments could be seen the lowering of the 
pulse-rate and respiration by Calabar bean; and he 
further observed the depressant action upon the spinal 
motor centres exercised by this agent. Dr. Crichton 
Browne noted these actions ascertained by experiment, 
and conceived the utility of the drug in controlling the 
violent outbreaks of excitement to which sufiferers from 
general paralysis are so subject. The muscular action 
of these insane paralytics in their fits of excitement, 
which occur in the early stages, is excessive, and their 
violence such as to lead to serious conflicts and trials 
of strength betwixt them and their attendants, often 
resulting in injury, sometimes serious to both parties. 
Accordingly he administered Calabar bean to these 
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patients during their periods of escitement, ami found 
the resulta to be satisfactory in the highest decrree. 
The drug calmed the patients generally by its effects 
upon the circulation and respiration, while ita action 
on the spinal centres and the muscular ayatem deprived 
them to a great extent of that muscular force which 
is a source of danger to themselves as well as those 
restraining them. Not only were good effects immedi- 
ately produced during the attacks of maniacal excite- 
ment, but the use of the drug in many instances exer- 
cised a pronounced control over the progress of the 
malady, retarding it markedly ; and in a few cases 
apparently arresting it for a while entirely. 

This is a very excellent illustration of the power of 
knowledge arrived at by experimentation to aid prac- 
tical medicine. Calabar bean has not yet been exten- 
sively used in asylum practice, as chloral exercises an 
allied, if not an identical, action, and is a drug very 
easily handled. If ciiloral had not been discovered, 
probably Calabar bean would have been largely re- 
sorted to in cases of acute mania and other forms of 
excitement in lunatics. 

In speaking of Prof. Frazer's researches Wood says : 
" These researches ought certainly to be carried fur- 
ther, to discover if possible why it is, or rather how it 
ia, that atropia acts as the antidote of Calabar bean. 
It will probably be found that the mydriatic saves life 
by its stimulant action upon the resj>iratory centres." 
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rrrom the actions of Calabar bean and c>iloral it will 
be seen that they are both drugs unsulted to cases 
vhere the respiration is involved, and especially where 
both the respiration and the circulation are implicated, 

as tending to incroaao the probability of failnre in 
these systems, and so of causing death. But in other 
conditions, where there is vascular exciteraent and cor- 
responding respiratory activity, the persistent use of 
these depressant remedies is admissible, and often may 
bo resorted to with advantage. Thus Dr. Browne 
found Calabar bean not only to diminish the violence 
of the outbreak of general paralytics, but that it also 
exercised a good effect over the progress of many cases, 
especially in the early stages. Now in its early stages 
general paralysis is usually accompanied by improved 
nutrition, the patient is stout and plump, and almost 
invariably there is hypertrophy of the heart, with ac- 
centuation of the aortic second sound. Under such 
circumstances the persistent use of Calabar bean was 
rather indicated tlian otherwise ; for its action on tho 
circulation, aided probably by its action on the respi- 
ration, retarded those morbid changes which usually 
go on swiftly, and destroy the patient in a abort time. 
This is rendered the more probable, that these morbid 
changes are dependent upon an abnormally vascular 
condition of the encephalic contents ; while Calabar 
beau lowers the arterial circulation within the cranium 
OS well as elsewhere. 



I 
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CULORAL HYDRATE. 

The action of cliloral hydrate has been largely eluci- 
dated by experiment. It is generally known tliat 
chloral is an hypnotic of great value, especially where 
the insomnia is not due to pain. But where there is 
insomnia associated with excitement, and especially 
vascular excitement, chloral is the hypnotic par excel- 
hvee. Chloral produces a double effect, viz., an action 
on the braiu cells, and another upon the circulation, 
betwixt which sleep, almost identical with natural 
sleep, is produced. It is thus adapted for conditjons 
of pyretic insomnia with vascular escitment. Chloral 
lowers the heart's action, so that the circulation ia 
rendered leas active ; while its effects upon the cuta- 
neous vessels ia to dilate them, and by this double 
action of impaired chemical interchanges from lowered 
circulatory activity, and increased mass of blood in the 
external, or heat^losing area of the organism, the body- 
temperature is much reduced. So much ia this the 
case that the lethal dose of chloral in rabbits is much 
affected by the surrounding temperature ; is less in 
cold weather than in warm ; and a much larger dose 
still is required to produce toxic results if the animal 
be laid before the fire, or wrapped in cotton wool dur- 
ing its deep chloral sleep (Brunton). In addition to 
its action upon the circulation,ehloral powerfully affeota 
the respiration. In speaking of chloral poisoning, 
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Wood aays ; " Tiie immediate cause of death is gene- 
rally a paralytic arrest of respiration: but in many 
cases there appears to be a simultaneous arrest of the 
cardiac action, and it is very possible that fatal syncope 
may at times occur." This action of choral it ie welt 
to bear in mind, and it should never he given, or if bo 
only witSi the greatest caution, in caaes where the 
respiration and circulation are both involved, as in 
chronic bronchitis with dilatation of the right heart, 
especially when there is also present emphysema ; in 
cases of valvular disease of the heart, etc., etc. Nega- 
tive lessons are often of as much value as positive 
lessons ; and in the practice of mcdiciue it is often as 
important to know what to avoid in prescribing, as what 
to adopt. Almost all potent remedies have actions 
which render caution necessary in using them, and of 
no drug is this more true than of chloral. In the 
sleeplessness of valvular disease of the heart chloral 
is very dangerous, and is apt to produce fatal depres- 
sion of the circulation and respiration. This is no more 
than what we might expect from its action as revealed 
by experimentation. In cases of lung disease, where 
the heart is only affected secondarily, but when the 
right ventricle is being severely taxed, chloral is 
equally contra-indicated. 

When it becomes desirable, on the other iiand, to 
diminish the energy of the respiration from any cause, 
chloral will be found a useful agent. In the experi- 



ments of Prof, Bennett it was found that tlie potency 
of chloral to arrest strychnia poisoning was largely 
due to its effects npon the respiration. He says of 
chloral given at an interval after a fatal dose of strych- 
nia : " If the physiological effects of strychnia showed 
themselves in a marked way before the animal came 
under the influence of the chloral hydrate, death was 
liable to ensue from asphyxia due to tetanic spasm of 
the muscles of respiration. ITie sooner the chloral 
hydrate was given after the administration of strychnia, 
the more certain was the animal to survive." Macna- 
mara has found chloral exceedingly valuable in tJie 
treatment of tetanus, and records that of twenty cases 
in India, all traumatic, no less than seventeen were 
saved. His idea was to use it as an hypnotic ; but 
the effects upon the respiration must have had much to 
do with the results. In laryngismus stridulus, in 
asthma, and in whooping-cough, chloral has been used 
with considerable success. 

So far, however, chloral has been given merely in 
an empirical manner ; but as our knowledge of the 
effects of agents upon the respiration increases, so may 
we hope to wield chloral and allied agents, in a rational 
and enlightened manner, with good effects in diseases 
of the respiratory organs. Already the negative 
lesson of under what circumstances to avoid it ie he- 
coming very intelligible. A case in point suggests it- 
self. A patient was taken into the West Londos 
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Iloapital with eniphyaeraa and aortic stenosis. In 
spite of rest, digitalis, and ammonia, ho was liable to j 
attufks of dyspnoea, wlitch hod come on since his ad- 
mission into hospital. On searching for an explanation, 
it was found that the house surgeon had benevolently 
prescribed chloral for the sleeplessness complained of. 
This was at once stopped, and the attacks of dyspncea 
never returned, though the man gradually sank. This 
case was most instructive. 

Chloral acts upon the respiratory centre in all pro- 
bability, as the frequency of the breathing is dimin- 
ished by it, even after section of the vagus. 

A case of chloral poisoning successfully treated will 
serve to illustrate still more distinctly the action of 
chloral, and to demonstrate the utility of strychnia as 
an antagonist. Dr. Levinstein had a case of a man 
poisoned by six draehms of hydrate of chloral. Re- 
membering the experiments of Liebreich as to the ' 
antagonism of chloral and strychnia, the latter drug 
was injected to the extent of producing twitching of the 
muscles ; and artificial respiration was maintained. 
The heart had ceased t« beat, and the temperature had 
fallen to 92°, yet the man made a perfect recovery. 
More recently, two eases of strychnia poisoning have 
been recorded where chloral gave marked relief. 
(See Chapter VI.) 

Ringer gives a caution about the use of chloral in 
patients with lung and he art- mischief combined ; and 
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Bays that an ordinary dose, besides drowsiness, may 
produce delirium and a notable lividitj, lasting for days. 
In regard to the action of chloral upon the cerebral 
hemispheres, Dr. Crichton Browne has made an inter- 
esting observation. He saja : "The energy of the 
action of chloral hydrate, as measured by its minimum 
fatal dose, is in proportion to the development of the 
cerebral hemispheres," This experience of its effects 
upon animals is in full accordance with Lis clinical ex- 
perience of chloral. He aajs : " In microcephalic idi- 
ots, again, I have noticed that a proportionately largor 
dose of chloral hydrate ia requisite to induce its physi- 
ological effects than in persons with fully-developed 
brains." This observation is of practical value in 
prescribing cliloral for persons of high cerebral devel- 
opment. It further throws a light upon some cases of 
fatal poisoning with comparatiYcIy small doses of chlo- 
ral. It would appear that chloral is most dangerooB 
to the most intellectual. 



In considering the action of morphia here, tl 
quiry will only extend so far as its actions have la 
elucidated by the foregoing experiments. Woodw 
" Death occurs from opium, in the great majoritj 
cases, by failure of the respiration ; and that fiuch t 
ure is due to a direct action of the poison upon i 
respiratory centres in the medulla is proven by ( 
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fact that morphia affects the breathing of dogs and 
rabhits whose pneumogastrica havo been cut, aa much 
as it (iocs those whose nerves arc entire." And again : 
" To maintain reapiration is the ultimate object of all 
the measures which are commonly undertaken for the 
purpose of arousing the system in opium-poisoning," 
and advocates resort to artificial reapiration in cases 
■where the respiration is failing. From what we have 
seen of the action of belladonna upon the respiratory 
centrea, the antagonism betwixt it and morphia, which 
has been noted by so many different observers, becomes 
readily intelligible. Prof. H h B nn tt also tested 
the antagonism betwixt mor])h a a d th n and caffeine, 
and found that theae agenta w a ta tic to mor- 
phia, lie saya: "The act f th substance 
modifies that of the other, ani ma n a c life from 
a fatal dose of either substance." 

Tlieae vegetable principles act like strychnine in 
obstructing the respiration by inducing spasm of the 
respiratory muscles. On the other hand, morphia kills 
by bringing these muscles to a ataudstill in paralysis ; 
and thus we can uiideratand how these agents antago- 
nize each other. Of course, it is not for one moment 
assumed that this antagonism ia confined solely to the 
action upon the respiration. The interest of these 
antagonisms lies around the use of morphia in the treat- 
ment of diseases of the respiratory organs. Thus in 
bronchitis, for instance, morphia ia & very dangerous 
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drug to use. It not only arrests secretion, and thus 
increases the difSciiltj of expectoration aud respira- 
tion, but its action upon the respiratory centres is such 
as to paralyze tbem when already embarrassed. It is 
useful in the hacking cough of phthisis, where cough is 
excited by the presence of diseased masses in the 
lungs ; and where the cough is distressing and yet 
useless, and incapable of getting rid of the source of 
irritation. Here it is necessary to stop the reflex 
mechanism of cough. This morphia does most effec- 
tually. It is noted, however, that morphia ia not an 
unalloyed good in such cases. In addition to its 
action in destroying the appetite and locking up the 
bowels, it lowers the respiration while checking th,e 
cough. When under the influence of morphia, the 
patient sweats profusely, and to the extent of produc- 
ing much exhaustion. Morphia acta upon the skin, 
as ia well known, and it aggravates the night sweata 
to which such patients are subject. I have combined 
belladonna with morphia, and found that this checks 
the sweats, while the morphia allays the cough ; the 
action of morphia upon the cough not being interfered 
with by the co-administration of the belladonna ; in- 
deed, belladonna afiecte the terminal ends of the vagi 
r which aids the action of morphia. The 
effect of the belladonna is not confined to the skin, but 
it influences the respiration favorably. Weir Mitchell, 
Keen, and Morehouse found that morphia had no i 
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fluence over the changes in the pulse produced by 
atropia. They did not note the respiration. They 
further go on to say : " As regards toxic effects on the 
cerebral organs, the two agents are mutually anti- 
dotal ; but this antagonism does not prevail throughout 
the whole range of their influence : so that, in some 
respects, they do not counteract one another ; whilst 
as regards one organ — the bladder — both seem to affect 
it in a similar manner." 

Now Lauder Brunton says of belladonna : "Atropia 
stimulates the respiratory centre, but at the same time 
it lessens the irritability of the sensory nerves of the 
lung, and will thus, while increasing respiratory efforts, 
diminish the sensibility of the lung to irritation." 
Thus it would seem that the addition of belladonna to 
morphia in such cases, whilst it arrests the profuse 
perspiration, will add to the effects of the morphia upon 
the cough. The effect of morphia is to lower the res- 
piration, while influencing the reflex mechanism of 
cough. Belladonna diminishes the sensibility of the 
lungs to irritation, and so aids the action of the morphia. 
But morphia lowers the respiration at the same time, 
while belladonna stimulates it. Consequently vfo can 
comprehend how belladonna is useful in this combina- 
tion. It not only arrests the perspiration, but it also 
maintains the respiration. When morphia is given 
alone the patient sinks into a deep sleep and perspires 
very freely. If he keeps awake, still coughing, the 
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perspirations are not so profuse ; this is a matter of 
clinical observation. It may be that in partially para- 
lyzing the respiration the opium calk out the cutaneous 
respiration — for the association betwixt diseases of the 
respiratory organs and the skin is well known (Car- 
penter, Human Physiology, \ 309), and tlie free 
action of the skin compensates for the imperfect action 
of the ordinary pneumonic respiration. Now if bella- 
donna stimulates the respiratory centres, it probably 
prevents this paralyzing aution of the opium, and so 
partly does away with the necessity for profuse per- 
spiration, as well as exercising direct effects upon the 
sudoriparous glands. Certain it is that the combina- 
tion of morphia and belladonna in the treatment of the 
severe harassing cough of phthisis is most useful. 

This consideration of the effects of morphia and 
belladonna upon the respiration leads us up to a fur- 
ther advance in our selection of remedies in the treats 
ment of diseases of the respiratory organs. It teaches 
what to avoid in certain cases ; how and why we should 
not ^ve opium or morphia when the respiration is 
failing; and it enables us to understand why and 
wherefore we should give certain medicines in other 
conditions, as belladonna in asthma, and why we should 
give ammonia and strychnine when the respiration \a 
severely taxed or failiug. It enables iis, indeed, to 
see more clearly how to wield our agent in jiractice, 

^^ A 
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and tells us what to avoid, as well as what to attempt, 
in our therapeutic efforts. 

The effects of morphia, chloral, and bromide of 
potassium in convulsive affections of the respiratory 
organs will be considered in a subsequent portion of 
the essay. 

We will now proceed to consider the action of 
agents which are stimulants to the nerve centres, 
either all or some of them. 

BELLADONNA. 

Experimentation has done much to bring out some 
actions of belladonna which had before been but im- 
perfectly appreciated. The experiments of Prof. 
Frazer show the effects of belladonna in arresting 
death from Calabar bean in lethal doses. When the 
physostigma was administered the number of cardiac 
beats and the respiration fell very markedly ; but 
upon the injection of belladonna they rose, first above 
the normal rate, and then again fell to it, and remained 
there ; the animal gradually recovering. For instance, 
previous to the administration of the physostigma the 
heart's contractions of a rabbit were 40, and the res- 
pirations 20, per ten seconds. After the administra- 
tion of the Calabar bean the heart's contractions 
gradually fell to 32, 22, and ultimately 11, in the 
same time ; reaching the lowest point twenty-eight 
minutes after the injection of the physostigma. Some 



sulphate of atropia waa thco injected, and in one 
minute the heart's contractions had risen to 56 per ten 
seconds ; in seven minutes to GO, about which it re- 
mained for an hour and a half, after which it fell to 
ita usual rate. The respirations fell from 20 to 16 in 
three minutes after the injection of the physoatigma ; 
in twenty-eight minutes "there were only infrequent 
labored respirations occurring at irregular intervals," 
the number not being given. After the injection of 
the atropia the respirations rose to 15 in two minutes ; 
in six minutes to 20 again ; and in an hour and a half 
had settled to 15 per tea seconds. The obaervationa 
of Prof. Bennett in his report to the British Medical 
Association, on the atktagonism of belladonna and 
Calabar bean, and those of myself on the antagonism 
of belladonna and aconite, are not nearly so close and 
exact as those of Prof. Frazer, which are most pre- 
cise. My own ohservationa go ao far as to note that 
in aconite poisoning the respirations fail, and that 
digitalis did not alTect the respiration sufficiently to 
prevent this, while belladonna did. After the admin- 
istration of belladonna the respirations, which had 
been failing under the aconite, recovered again until 
tliey reached a normal point. 

Now these experiments point to the effect of bella,* 
donna upon the respiratory centres. When death is 
approaching from paralysis of the respiration induced 
by a poisonous agent, belladonna restores the rcspira- 
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toiy efforts, and so aavea the aminal from death. Side 
by side with this action stands the well-known empiri- 
cal facta of the utility of belladonna in different affec- 
tions of the respiratory organs, especially neurosal 
disturbances. Thus helladoima was lauded by Hyde 
Salter in the treatment of astlima, and is hi;fhly spoken 
of by Meigs and Pepper for tlie treatment of whooping- 
cough in children. Wood also states that belladonna 
has been found useful in the treatment of neuroaal 
cough, in hiccough and affections in which the nervous 
mechanism of the respiration is involved. It cannot 
be a mere coincidence this empirical use of belladonna 
in nervous affections of the respiratory organs, and its 
potency in preserving life when threatened by failure 
of the respiration in animals experimentally poisoned. 
There must be some distinct connection betwixt the two 
different sets of facts, and what it is will be set forth 
as explicitly as may be in a later section of this essay. 
Belladonna has also an action, and a very marked 
one, upon the circulation. In moderate doses it raises 
the blood-presaure in the arteries, partly by contracting 
the peripheral arterioles, and partly by its direct action 
upon the heart. John Harley has said that in conse- 
quence of this action belladonna ia the best direct 
diuretic for increasing the bulk of urine, that we pos- 
sess. Its utility in both Calabar bean and aconite 
poisoning shows that it prevents cardiac paralysis, as 
well as acting upon the respiration. Its empirical use 
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in the form of a plaster in palpitation of the heart 
testifies to its influence over the cardiac nervous cen- 
tres. 

The power of belladonna to arrest death from de- 
presaant poisons, as ascertained by experiment, to- 
gether with ite well-known deliriant action in toxic 
doses, has led to its use in cases of melancholia and 
dementia where there is cerebral aneemia, together 
with a state of atony or inertia of the circulation. For 
the treatment of such cases it has been found useful 
by Hammond in America and Criehton Brown in this 
country. The delirium occasioned by toxic doses of 
belladonna is attributed by John Harley to the high 
blood-pressure caused by this agent. In opium poison- 
ing there is deep sleep or coma, with a low blood- 
pressure. In belladonna poisoning there is no sleep, 
but a restless delirura with a high blood-pressure. 

There seems every reason to believe that belladonna 
may be usefully combined with opium or morphia in 
those eases where it becomes imperative to give very 
large doses of these agents, such doses indeed as may 
threaten the respiration or circulation. Belladonna 
will maintain the actions of the centres under huge 
doses of morphia, without interfering materially with- 
the effect upon the cerebro -spinal centres. 



u 
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STRYCHNIA. 

Strychnine is a tlierapeutie agent which baa a very- 
powerful action on the organism. Its effects in toxic 
doses are such as to direct the attention readily to its 
action upon the nervous system. Its stimulant pro- 
perties are thus generally recognized, but we have 
still much to learn about its more special aetiona, which 
the foregoing experiments indicate. Its effects upon 
the heart as a tonic are being recognized, and it is 
found that the arterial blood-pressure is greatly 
heightened by it. Tliis is not due to the obstruction 
to the blood- flow caused by the convulsions excited, for 
it occurs as markedly in animals whose muscles are 
paralyzed by curarl. The small arteries have been 
seen to contract in strychnia poisoning, and in some 
cases of fatal poisoning the heart has been found rigidly 
contracted. That strychnia is a cardiac tonic is pretty 
generally recognized ; but the experiments of Oscar 
Liebreich, of Prokop Rokitansky, of Professor Hughes 
Bennett, and of myself render it extremely probable 
that strychnine has a powerful action upon the respi- 
ration also. Liebreich and Bennett found that it oxer 
cised an influence over chloral in toxic doses, and . 
Prafessor Bennett found chloral even more potent in 
strychnia poisoning. The effects of chloral upon the 
respiration are well known, and if strychnia had not 
antagonized its effects upon the respiration as well as 
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upon the heart, it seems very improbable that it could 
have averted death. For I found that digitalis did 
not avert death from aconite when given simulta- 
neously or after the aconite, while atryehnia did. The 
digitalis, though acting upon the heart, did not act 
speedily enough upon the respiratory centres, and ao 
the animals died from failure of the rnspiration. It 
appeared however that if the digitalis was given from 
five to nine hours before the aconite it exercised a 
sufficient influence to avert death. For the purposes 
for which tho3e experiments were apparently instituted 
viz., to find out the antagonism of aconite and digitalis 
in warm-blooded animals, they have failed ; but they 
teach a lesson in another direction of distinct value. 
They point out that aconite and chloral kill by arrest- 
ing the respiration as much as the circulation, and that 
to antagonize this double action agents are required 
which stimulate the respiratory centres as well as the 
cardiac ganglia. It is clear that further experiments^ 
tion in this direction is urgently required ; but the ob- 
structions now placed in tlie way of experiment in 
Great Britian are such as to render it very unlikely 
that they can be carried out here, and the further 
• elucidation of this interesting subject will fall into 
foreign hands. It is possible however to ailvance the 
subject to some extent by clinical observation. Clini- 
cal medicine can however be utilized, and it is found 
that strychnia, added to potash and expectorants, in 
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the treatment of chronic bronchitis with emphysema 
and a dilated right heart is very useful. The results 
of extensive observations warrant tlie statement that 
the addition of the strychnia to such a mixture waa 
followed by increased efficiency, and in some cases by 
decided relief. It seems to ease the breathing, that 
is — the patients declared that they breathed easier and 
with leas discomfort after taking their medicine. Of 
eonrse it is much more difficult to make such observa- 
tions as permit of being tabulated in striking form upon 
paper, on the respiration, than are practicable in noting 
the effect of digitalis upon the heart, and therefore 
only general statements cau be made. It certiunly on 
the whole seemed a desirable addition, even when 
digitalis had been added to the mixture previously ; 
and reading the results by the light of the experiments 
given in the early section of this essay, it is not diffi- 
cult to comprehend that good results jn these cases 
should ensue from such use of strychnia. When death 
is induced by strychnia poisoning it is brought about 
by asphyxia, the muscles connected with the thorax 
being so spasmodically contracted in the convulsions 
that the respiration is arrested. That strychnia in 
lesser doses should act as a stimulant to these respira- 
tory muscles is a fair induction and a feasible hypo- 
thesis ; and it is certain that strychnia does not act 
upon the muscles directly, but mediately through the 
nervous centres. 

6» 
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In purauanee of the above idea the writer haa giv( 
strychnia extenaively as an agent influencing the respi- 
ration with the very decided impreasion that it does affect 
the respiration beneficially in many cases. The fol- 
lowing case 19 to the point: — J.B ,35, complained 

much of difficulty of breathing, with some cough with- 
out expectoration. The respirationB could not he noted 
by the usual plan of laying the hand over the front of 
the cheat, or of simply counting the respiratory move- 
ments. They were too slight to be detected ; and it 
was only by atripping the man that a faint, movement 
along the costal cartilages could be observed at each 
inspiratory act. The man's face was indicative of the 
distress he suffered from the difiiculty of breathing. 
What was to be done for him it was not easy to see, 
for the respiratory sounds were feeble all over the 
cheat, and the percussion note dull, and the diagnosis 
arrived at was that the case was one of general fibrosis 
of the lung. It was impossible to add to the thoracic 
space, apd it was equally impossible to diminish the 
exceasive connective tissue in the lungs. All that ap- 
parently could be done was to act upon the respiratory 
centres and stimulate them, just as digitalis is given to 
stimulate a feeble heart. Ammonia is the most pow- 
erful means of acting upon the respiration with which 
we are yet acquainted ; go five grains of carbonate of 
ammonia, with fifteen drops of tincture of nux vomica, 
were prescrlbeil, with the agreeably surprising reauU 
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tliat in a fortnight the man expresaeil hitnSelf so much 
relieved in his breathing that he wislied to resume 
■wort, and has continued to do so, though with some 
difficulty. At the end of three moDths his respirations, 
though labored, could be counted in his clothes, like | 
that of ordinary persons. It is not possible yet to ex- 
plain completely tlie rationale of such a change, but it , 
seems fairly attributable to the medicine in the first 
place. In the present state of our knowledge, at least, 
we can offer no explanation of the facts, except that 
these two agents, which exercise a powerful influence 
upon the respiratory centres, had rendered the act of 
breathing easier to the man. 

But the whole question of the respiratory centre will 
be taken up shortly, and then the different facts of ex- 
perimentation and observation may be massed together, 
ao as to point definitely to some conclusions which will 
not be without their practical value. 

This use of strychnia in affections of the respiratory 
organs is not novel. The subject has attracted the at- 
tention of Dr. Thorowgood in his work on Asthma. Ho 
says: "In cases of paralytic and emphysematous < 
asthma the real and permanent good that can be done 
with the tincture of nux vomica, and with very small 
doses of strychnia, is unmistakably great. The tinc- 
ture may be given in doses of from three, eight, or ten 
drops, and the liquor strychniae of tlie British Pharn 
copicia iu doses of two to five drops." Dr. Thorow- , 
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good does not distinctly formulate any hypothesis at 
the action of strychnia ; but in speaking of complicate 
asthma, he says : " Sedatives at night do not interfere 
with other remedies during the day ; hut it is well not 
to be in too great a hurry to resort to them, for it is 
not uncommon to find such a medicine as nux yomica 
ovei-come spasm, and give the patient a better night's 
rest than anything else that has ever been tried in the 
way of an an ti- spasmodic or sedative." This last is a 
significant sentence. The faflt that irritability of the 
nervous centres is the precursor of exhaustion is one 
that is well and generally recognized. The centres ot 
respiration becoming exhausted, are abnormally irrita- 
ble ; the stimidant and tonic eflects of strychnine upon 
them restores them to a comparatively normal state, 
and so sleep is undisturbed by irregular nervous action. 
Sedatives given under such circumstances would but 
further enfeeble these overtaxed centres, and so do 
much harm. The difficulty, of course, is to discrimi- 
nate exactly the case for the stimulant tonic from that 
where a depressant sedative is indicated. In time, as 
our views on the subject become more orderly, and we 
progress from the present chaotic condition, this may, 
and almost certainly will, become more feasible and 
practicable. At any rat«, these observations of Dr. 
Thorowgood stand in a very suggestive relationship to 
the conclusions just drawn from the residis of experi- 
mental inquiry. 



CHAPTER III. 

THE RHYTHMICALLY DISCHARGING CENTRES ; AND THE 
EFFECTS OF DRUGS THEREUPON. 

The influence of the nervous system upon the dif- 
ferent portions of the body, as muscular movement, 
secretion, etc., is, according to Hermann, as yet un- 
known, except in so far as we can regard the subject 
from a merely mechanical point of view. So regarded 
the nervous system is a " liberating force," i. e., a 
force which leads to a conversion of a certain amount 
of potential into kinetic energy. He says further : 
"An infinitely small liberating force may liberate large 
quantities of kinetic energy, and it is exceedingly pro- 
bable that even the liberating forces of the nervous 
system, if measured as forces, would be very small in 
amount, and consequently that the chemical changes 
necessary to their evoFution, as to that of all the other 
forces of the organism, are of small magnitude." In 
consequence of the small amount of chemical change 
involved in the decomposition of the nerve-cells by 
which this liberating force is evolved, little as yet is 
known about the how of this action. That some chem- 
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ical change is essential is easily comprehensible. Blot 
containing oxygen is absolutely necessary to this chem- 
ical change, but the matter is somewhat complex, as we 
shall shortly see. 

The nervous centres with which the present inquiry 
ia engaged are those motor centres which govern the 
circulation and the respiration, and which discharge, 
or explode rhythmically, and send out efferent im- 
pulses which set up the requisite muscular actions. 
These centres exist for the circulation essentially in 
the ganglia of the heart, though in intimate connection 
with other parts, especially the vaao-motor centre in 
the medulla oblongata. For the respiration, as we 
shall shortly see, in the medulla solely ; from which 
the efferent impulses requisite for setting the muscular 
mechanism of the respiration into action, are dis- 
charged. These two sets of centres are different from 
other motor centres in that they act rhythmically at 
brief intervals ; the one, speaking broadly, discharging 
some seventy times per miimte, the other about eigh- 
teen times per minute. The action of these centres 
rests essentially upon changes wrought in them by the 
blood supplying them ; but their rate is affected by ex- 
trinsic forces which influence them through the nerves 
in connection with thorn. But these extrinsic forces 
are not an essential factor ; it is necessary to be clear 
about this. The basis of action is the decomposition 
of the cells of these centres sot up by the blood ; for if 
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tbe blood to these centres be cut off, they cease to act. 
Wundt puts the matter thus : " Slight excitations gen- 
erally vanish in the central substance of tbe cell, while 
stronger excitations set free its latent force. The exci- 
tations of the blood-current impinging on the periphery 
of the cells muat accumulate until they reach a given 
strength, sufficient to liberate tbe force of the cell, which 
is thence transmitted to its central region, and thence to 
its motor nerve. After this diacharge of force, equi- 
librium is restored, and the process begins all over 
again. Nerve centres submitted escluaively to the ex- 
citation of the blood act automatically and rhythmically. 
This rhythm is interrupted or rendered irregular when 
the influence of other nerve centres inhibits the dis- 
charge of accumulated force." Such then is the action, 
BO far as at present we can tell, of the rhythmically 
discharging centres with which we are at present 
engaged. 

The respiration will be gone into at some length later 
on ; the cardiac ganglia will at present engage the 
attention. The action of the heart depends upon a 
aories of ganglionic cells, connected by nerve fibres, 
which are lodged in the muscular structure of the 
heart, especially along the septum betwixt the auricles, 
and at t!ie junction of these auricles and ventricles, 
When the heart is removed from the body, or separated 
from all the nerves supplied to it, it still beats for 
some time ; in cold-hlooded animals for days, in warm- 



blooded animala bo long as a supply of oxygenized 
blood is provided. The different nerve fihrea, and 
CBpecially those of the vagus, in connection with these 
cardiac ganglia hut cause modification in the action of 
those automatically discharging centres, which are the 
cause of the rhythmic muscular contractions of the 
heart. The vagi nerves have however a potent influ- 
ence over the discharges of the cardiac ganglia, and 
retard the rhythmic discharges. This is called an in- 
hibitory action, and if these vagi nerves be irritated 
the heart's beats are slowed, and when the irritation is 
strong enough the heart is brought to a standstill in 
diastole. There are, however, accelerating fibres in 
the vagi which spring from the medulla oblongata, and 
which transmit impulses which accelerate the heart's 
action. Thus in emotion of certain kinds the heart's 
action is notably quickened, as is the case of the 
"bluab," where at the same time the vaso-motor cen- 
tre is implicated, and dilatation of the peripheral blood- 
vessels is induced. 

Such are then the rhythmically discharging centres 
of the circulation. They are unique, but their action 
is not essentially different from the ganglia in connec- 
tion with the intestines or the bladder. It is a diifer- 
ence of degree rather than of kind. We may now pro- 
ceed to consider the action of drugs upon these cardiac 
centres, when we shall find several agents which pos- 
sess a decided influence over them, viz., digitalis, aco- 
nite, and belladonna. 



CHAPTER IV. 

ACTION OF DRUGS UPON THE CIRCULATION. 

DIGITALIS. 

Some experiments illustrating the action of digitalis 

upon the heart were performed by me in 1870, and 

formed the counter-part to the clinical observations on 

which were founded the conclusions arrived at in my 

essay on Digitalis. The experiments were only of an 

elementary character, and performed on birds, fishes, 

and frogs. No calculation was made of the amount 

of the drug administered in each experiment. The 

part of the experiments interesting at present, is that 

where I elicited the antagonistic action of digitalis and 

aconite. Having compared the actions of these two 

drugs, and finding that digitalis brought the heart to a 

standstill in firm contraction, while aconite arrested it 

in full dilatation ; the idea of testing their antagonistic 

action suggested itself. So aconite was given to frogs 

with their hearts contracted by digitalis ; and in others 

digitalis where the heart was paralyzed by aconite. 

The aconite did not exercise a very marked effect upon 

the hearts contracted by digitalis, but the other experi- 
7 
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ment waa very suceeMful. " When all action had ap- 
parently ceased, the first effect of the administration of 
digitalis was to produce an imperfect contraction at 
long intervals ; then the intervals became shorter, and 
tho contractions more complete, some irregularity, 
both as to time and amount of contraction, being ob- 
served. Slowly and gradually, however, the distended 
ventricle recovered itself under the action of digitalis, 
the contractions being more rythmical and perfect, and 
the distension less and less pronounced, until a return 
to normal contraction and distension was brought about. 
If the administration of digitalis were then continued 
tlie same appearances were brought about as when no 
aconite has been previously given." Attention waa 
drawn to these experiments by the fact that shortly 
after this Dr. Dobie, of Keighloy, administered digitalis 
to a man dying of aconite poisomng with the result that 
the man recovered. To this case reference will be 
made in a later section of the essay. This line of ex- 
periment was followed out by Boehm, who found that 
muscaria, delphinia, and aconitia would restore cardiac 
action in the frog when arrested by digitalis poisoning. 
More recently further experiments as to the antagonism 
of digitalis and aconite iu warm-blooded animals have 
been made, of which an account has been given above. 
The effects of the experiments of myself and of 
Boehm went to corroborate the views of Traube and 
others, that digitalis was not a cardiac sedative in the 
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ordinary sense of that wonl. That is, it did not calm 
the heart's action hy depressing the activity of its 
nervous centres. The old view was that digitalis low- 
ered or moderated the heart's action, and it was called 
" the opium of the heart." But this view has given 
way to another, viz., that digitalis emtes more perfect 
contraction of the cardiac ventricles. Trauhe had ob- 
sen'ed that the effect of digitalis was to increase the 
hlood-presaure in tlie arteries. Then Malan and my- 
self observed that it contracted the arterioles, while 
Fuller and Handficld Jones Lad experimentally ascer- 
tained that in animals poisoned by digitalis the heart 
was firmly contracted, and so contrasted with the state 
produced by aconite and chloroform. Eulenberg and 
Ehrenhaus had noted that a frog's heart, when removed 
from the body and its apex dipped in a solution of 
digitalis, was so brought to a standstill in systole. 

Consequently the position which digittilis now holds 
is that of a cardiac tonic, t. e., it increases the energy 
of the ventricular contractions. It tends, as Niemeyer 
pnt6 it, to fill the arteries by emptying the veins. 
Conaetjuently digitalis is now administered in cases of 
cardiac failure, where the heart is inadequate to the 
duty of propelling the blood forward in sufficient quan- 
tity. It does not matter what the state of the heart is 
BO much, whether hypertrophied or dilated; the real 
question is this : Is the heart equal to its work ? Even 
with considerable hypertrophy the heart may still be 
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uiieijiial to ita functional duty, and the hypertrophy 
may bo insufficient. Under these cireumstaoceH the 
aflrainistration of digitalis is indicated, but in lesser 
doses than in dilatation. The dose must he propor- 
tioned to the natural efforts at compensation. K a 
fairly good compensatory hypertrophy is being natu- 
rally instituted, then small doses of the drug are alone 
required : if the ventricular chamber ia prominently 
dilating, then large dosea are absolutely necessary. 
Under the latter circumstances doses of digitalis are 
well borne and do great good, which would produce 
very serious symptoms if given where the heart is con- 
siderably hypertrophicd. ]'he theory propounded by 
me is tills : Digitalis excites more perfect ventricular 
contraction, the arteries are better filled with blood, and 
consequently the heart itself is better nourished; while 
the brief diastolic sleep is lengthened. Betwixt the 
longer rest and the improved nutrition the heart is en- 
abled to grow and to increase in power. This view is 
borne out by the observations of other autliorities. 
Traube's observations as to the increased hlood-prea- 
sure in the arteries produced by digitalis have been 
corroborated by Lauder Brunton and others ; and it is 
no longer in dispute that the arterial tension is in- 
creased by this drug, except in distinct poisoning when 
it falls. Thus Balthazar Foster has shown that the 
slowing of the pulse hy digitalis is achieved by length- 
ening the diastole, not by any effect upon the length 
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of time of the systole. Thus the above view of an im- 
proved nutrition and a longer rest ia seen to be sound. 
As long aa the blood-pressure in the arteries can be 
maintained, all is well. Tbe aortic recoil fills the 
coronary vessels, and the heart is sufficiently supplied 
with blood, and so its tisHuc integrity ia maintained. 
But when the blood-supply to the heart \s unequal to 
its proper tissue repair, then molecular decay is inau- 
gurated. Mauriac has pointed out how soon the mas- 
sive hypertrophy of aortic regurgitation fails early, 
from the blood-supply to the coronary vessels becom- 
ing impaired from the inaufficicncy of the aortic valves. 
Normally these valves arrest the backward flow of the 
blood ou the aortic recoil, and the coronary vesseb in 
the sinuses of Valsalva are well filled with blood : hut 
as the valves become more and more incompetent, tbe 
flow into the coronary vessels is diminished, and the 
heart's nutrition is impaired. Consociuently the prog- 
nosis of a, case of aortic regurgitation is widely differ- 
ent from that in aortic stenosis, or in mitral disease ; 
because in these latter cases the blood-supply to the 
heart can he pretty well maintained, while in aortic 
insufficiency it soon fails. These conclusions are con- 
firmed by the clinical observations of Baltbasar Foster, 
that the Bubsc()ueut history of a case of traumatic rup- 
ture of the aortic valves is profoundly modified by the 
fact which valve is ruptured. If it be that cusp behind 
which there is no coronary artery, the case will last 
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comparatively a long time. But if the torn cusp have 
an artery behind it, then the nutrition of the heart is 
Boon affected, and the case runs its course in much less 
time. 

The use of digitalis in practice is, as nearly as is 
yet arrived at, as follows. (In the Competitive Essay 
digitalis was very briefly dismissed, as any lengthy eon- 
Bideration might have revealed the individuality of the 
writer. Now there exists no objection to such con- 
sideration. Further, my Essay on Digitalis' is now 
out of print, and is not likely to be republislied ; and 
the present offers an opportunity of making tlie views 
there put forward available for those who might desire 
to consult the original essay, and are no longer able to 
do so.) When the heart, from any cause, ceases to 
propel the blood forward into the arteries, the system 
suffers from the want of arterial blood. The arteries 
are insufficiently filled, while the veins are surcharged 
with blood, and a whole series of pathological se- 
quences follow from the venous fulness ; among thereat 
a development of connective tissue in the viscera, aa 
the lungs, the brain, the liver, spleen, and kidneys ; 
there is fulness of the venous radicles of the stomach, 
and therewith impaired digestion and a constant feei- 
ng of "fulness" as if the stomach were distended 

' Diffitalii : ils Mode of Aelion and ila U»e, to whicli was 
awanlud the Hustiiige (Juld Medal of the Britwh Muilical Ano- 
uiation for 1870. 
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with a libera! meal, when in reality it is empty ; there 
is albuminuria from congestion of the renal yeins, and 
not rarely seroua effusions from the iiiteatinal venules, 
forming diarrhosa. The organs connected with the 
valveleBS portal circulation especially feel any vonoua 
congestion from failure in the central organ of the cir- 
culation. The tissues, including the muscular structure 
of tlie heart itself, are sufTcring from want of a suffi- 
ciency of arterial blood charged with nutritive material. 
When digitalis is administered, the ventrieular contrac- 
tions become more complete, and the arteries are bet 
ter filled, and consequently the veins more thoroughly 
emptied. When there is pronounced dilatation of the 
heart, and a little blood is pumped out only at each 
systole, and the heart Is soon full to distension, it 
quickly contracts with an inefRcient systole, the pulse 
being rapid, feeble, and compressible. Thus it ia that 
digitalis so promptly affects the pulae-rate. By its 
effects upon the caniiac ganglia it causes a slower but 
more energetic discharge of force, and with it a more 
jiowerful muscular contraction. Tbe systole is more 
complete, the chamber is more efficiently emptied, and 
consequently ia not so soon refilled, so tliat the require- 
ments of the ventricle in diastole correspond to the 
slower rhythmic discharges, and a slower pulse-rate is 
established; while the pulse is firmer and leas com- 
pressible, the arteries being better filled with blood. 
At times di^talis will notably lower the pulse-rj,te 
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under other eircumstancea tban those juat mentioned, 
iUuBtrating ita effects upon the discharging cardiac 
ganglia. When the pulse-rate falls very markedly 
under ita use, as when it falls below 50, it would be 
well to substitute belladonna, squill strychnia, or casca 
for it. 

" The series of altered actions consequent upon in- 
creased ventricular contraction run in the following 
order or setinencea : and it may be desirable for the 
sake of lucidity to arrange thera in a series of propo- 
sitions, each depending on the one before, like a logical 
syllogism. The effects of increased contraction, then, 
are — 

1, Increased arterial distension and tension, which 
give relief to the systemic symptoms, and further 



: 



2, Increased arterial recoil. This is the propelling 
power for the coronary arteries ; and thus increased 
arterial recoil means, 

3, Increased or improved coronary circulation ; and 
this, in its turn, produces, 

4, Increased nutrition of the heart, which results in 

5, Compensatory hypertrophy. 

" Not only is improved nutrition of the tissues of the 
heart thus secured, but the brief diastolic sleep is 
lengthened : and betwixt a longer sleep and an im- 
proved nutrition the heart structure is repaired effi- 
ciently, and recovers its tone more or less completely, 
according to the nature of the case." 
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Consequently, as said before, in fairly good hyper- 
trophy, digitalis is either not indicated at all, or if so, 
only in small doses. As digitalis not only acts power- 
fully on the heart itself, but also produces contraction 
of the peripheral arterioles, and so raises the blood- 
pressure in the arteries, it should not be given in hy- 
pertrophy in large doses ; especially where the arteries 
are atheromatous, as it greatly increases the risk of 
apoplexy from rupture of an encephalic artery. Such 
an accident has occurred from the use of digitalis, even 
when the hypertrophy was commencing to fail in in- 
cipient fatty degeneration. 

In dilatation however its use may be free, not only 
without danger, but with positive advantage. " In dila- 
tation, where the system is confessedly unequal to the 
establishment of compensatory hypertrophy, the use of 
a drug whose action is to throw the ventricle into a 
state of tonic contraction is readily understood as be- 
ing of the greatest service : and this also explains how 
its use in large and continued doses is not only not 
productive of symptoms of poisoning, i. e,, of ventricu- 
lar spasms, which was once imagined to be due to an 
accumulation of the drug in the system in some myste- 
rious inexplicable manner,^ — but is even necessary to 

' There is no accumulative action connected with digitalis any 
more than with belladonna, strychnine, arsenic, or mercury. If 
these agents be taken into the system in doses in excess of the 
climinative powers, they "accumulate,'' and produce toxic 
symptoms. But they do not " lie in wait** to work mischief. 
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the continuance of life. Without it or some similarly 
acting drug, dilatation must become only more and 
more extensive, and hand-in-hand with that extension 
must be an increasing inability on the part of the heart 
to recover itself; hence Btill more enfeebled circula- 
tion, blood stasis and its eonaequences, until the widen- 
ing vicious circle ends in somatic death." It may 
indeed be questioned if any risk can be incurred by 
the free administration of digitalis in cardiac dilatation 
until the dilatation is notably reduced. In the case of 
a girl, M. C, mt. 19, with aortic regurgitation and an 
enormous dilatation of the left ventricle, whom I sent 
into St. Mary's Hospital under Dr. Eroadbent, the 
use of digitalis in the hospital was followed by a re- 
duction of the dilated ventricle of a very pronounced 
character. After which severe palpitation came on, 
and ceased when the digitalis was withdrawn. On 
coming out of the hospital and again moving about, it 
became necessary to resume the digitalis, which she 
continues in small doses still, now two years since she 
was in St, Mary's. In the case of a huge man, a pa- 
tient at Victoria Park Hospital, with an enormously 
dilated heart, without any valvular mischief, it has be- 
come needful to exhibit digitalis in unusually largo 
doses (Tinct. Digitalis ni xx. Tinct, Nucis, Vom : "L 
XV. Ter in" die) to enable him to work — for rest he will 
not. Commonly this reduction of a dilated heart — and 
with it the size of the mitral ostium — nil! enable par 
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tially injured mitral vela to close tlie ostium com- 
pletely on the ventricular systole ; that is, tlieae 
valves are rendered once more functionally com[icteDt. 
At other times the reduction of a widely diluted ven- 
tricle, with correapondiog augmentation of its power, 
will develop a mitral systolic munnur previously inau- 
dible. In cardiac dilatation digitalis may be freely 
exhibited, and if the practitioner feel somewhat afraid 
of such use of it, he may combine it with strychnine 
and carbonate of ammonia — an addition which ought 
to relieve his mind of every apprehension. 

In valvular disease of the heart digitalis may he re- 
sorted to with great advantage; but there are points 
in each form of valvular lesion to he attended to which 
are important enough to make mention of them desira- 
ble. To take them in order is probably the best plan. 

Aortic Obstruction. — Here there is a distinct obsta- 
cle to be overcome, namely, a narrowing of the aortic 
orifice. This is usually achieved by the natural powers 
alone, and aortic obatniction commonly does not come 
under the notice of the physician unless the jjatient has 
been pulled down by some intercurrent condition or 
malady. In elderly persons, however, it presents 
itself primarily with certain objective and subjective 
phenomena. Here a new balance can only be effectu- 
ally struck by an increase in the driving power, so 
that the normal amount of blood may be driven through 
a narrowed orifice in the normal time. According to 
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tlie view that digitalis slows, or retards the systole, and 
so permits the Wood in the ventricle to be completely 
passed through the narrowed orifice, the wants of the 
system would be no more perfectly met than before. 
But against this view are the facta that in unaided 
hypertrophic compensation in aortic stenosis there is 
no such elongation of the systole ; and that Balthazar 
Foster has shown that digitalis does not alow the sys- 
tole, but lengthens the diastole. In aortic stenosis 
digitalis is indicated in small or medium doacs accord- 
ing as the hypertrophied ventricle can, or can not, 
quit« successfully meet the obstruction offered. If the 
ventricle cannot completely empty itself, and blood ia 
accumulating in the left ventricle, i. e., a condition of 
dilatation is being established, then digitalis is clearly 
indicated. When there is no dilatation, and the com- 
pensation ia sufficient, digitalis is not required, 

AortU Regurijitatlon. — ^Here a complex problem is 
presented to us, for the hypertrophy here, often enor- 
mous, is to antagonize the increased internal pressure 
upon the heart-walls during diastole ; not to overcome 
any obstruction offered. There being a decided in- 
crease in the distending force, there ia dilatation in 
spite of the massive hypertrophic growth. This en- 
largement of the left ventricle, in capaciousness as well 
as in power, causes at each systole a largely increased 
mass of blood to bo suddenly thrown into the arteries 
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on each ventricular ayatole, and that, too, with ahiior- 
mal foroe. Consequently the arteries are over-dia- 
tended and become ruined rapidly by atheroma. The 
hypertrophy which limits dilatation in its turn does 
harm, and aomo writers call this condition "over-com- 
pensation." Here, and at this stage digitalis, which 
would lengthen the diastole and increase the vigor of 
the ventricular systole, is contra-indicated. A dnig of 
opposite action, which would shorten the diastole and 
diminish the vigor of the systolic contractions, would 
be desirable. But in the later stages, when the hyper- 
trophy is failing and the heartwalls, undergoing decay 
by fatty degeneration, are once more yielding to the 
distending force, then digitalis is indicated to prolong 
life. The danger of sudden death by overdistension 
of the failing ventricle in diastole is great in the later 
stages of aortic regurgitation, and here digitalis is 
useful : but each case requires its own management and 
not rules of thumb. 

Mitral Siseme. — In the consideration of the use of 
digitalis in mitral disease it will servo no good practi- 
cal end to separate stenosis and regurgitation. In the 
one case the blood is obstructed by a narrow orifice, in 
the other it is damned up by a backward flowing cur- 
rent. The results are the same. The auricle is dilated, 
the flow of blood in the pulmonic circulation impeded, 
the pulmonary artery and its branches are dilated and 
thickened ; the obstruction in the pulmonic circulation 



K 



Sd AMTAOOKIBU of THEKAPETITIO A8BKT8. 

leada to enlargement in tbe right ventricle, hypertro- 
phy, with more or less dilatation. Aa long as the 
riglit ventricle can contract efficiently upon its contents 
the hlood is driven forward successfully, and the in- 
creased obstniction met. When this capacity of the 
right ventricle is naturally established, all is well ; but 
when the system unaided is unequal to such compensa- 
tion, or the compensatory hypertrophy is failing, then 
digitalis is of the greatest service. There is no differ- 
ence of opinion in the profession about the utility of 
digitalis in mitral disease. By its effects in procuring 
more perfect ventricular contraction it exercises the 
most beneficial action upon the failing right ventricle. 
Where there is accompanying bronchorrhoea digitalis 
is not contra-indicated, but the reverse. The bronchial 
flow is not the measure of the blood-pressure in the 
pulmonary circulation, but of the stagnation in the 
bronchial veins, a part of the general venous conges- 
tion ; and the administration of digitalis lessens the 
bronchial flux, while it raises the blood-pressure in the 
pulmonary vessels. 

Right-Side DilatMion. — Digitalis is of the greatest 
service in dilatation and failing power in the chambers 
of the right heart, whether from mitral disease or 
chronic changes in the lungs, as cirrhosis of them, or 
where there is ciironic bronchitis or emphysema, or 
chronic pleuritic effusion, or other cause of obstmctioii 
to tlie hlood-flow in the pulmonic circulation. In such 
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casoH it is well to bear in mind the co-existent ombar- 
rassment of the respiratory centres and to combine 
with digitalis ammonia, nux vomica, or belladonna. 

Tricuspid liegurgifation.—yfhea the tricuspid 
valve has become inaufficient, then our efforts carry 
with them little aueceas, because we have no muscular 
chamber behind the lesion to be acted upon ; the mus- 
cular fibre in the veusB cavre being but small and 
powerless. Still it may be tried in combination with 
brisk purgation to relieve the portal circulation, 

Id teniporari/ eardiaa conditions of asthenia digi- 
talis is useful, as in canliae dyspnoea, with over-diaten- 
gion of the right ventricle. If the over-distension is 
threatening paralysis in diastole, it may be well to 
relieve it by venesection, giving ammonia and di^talia 
at the same time. When the right ventricle has been 
overstrained by long-continued efforts, as in long runs, 
diving, etc., digitalis is useful. The right ventricle is 
apt to become overstrained where the breath is long 
held, or the circulation in the lungs impeded ; and the 
person is less equal to an effort, instead of more equal ; 
this, in sporting phrase, is termed to " train off," in 
contradistinction to continued improvement and capa^ 
city, which is termed "training on." It is worth 
while trying the effects of digitalis in horses whose 
wind has been impaired by long severe effort (over- 
distension of the right heart), or even in broken- 
windedness from emphysema. Of course in the latter 
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case only some improvement can be looked for ; but 
ill over-distension of the right heart even more seems 
potentially attainable. Of course stimulants to the 
respiratory centres at the same time are indicated. 

In Sftoclc, digitalis with ammonia and nux vomica, is 
likely to be of much service, and it has already been 
80 used with good effects. 

Palpitation. — In palpitation duo to exhaustion, or 
to mnscular failure, digitalis is very useful. Here 
palpitation is the active expression of incapacity in 
the heart. It is over-taxation, not over-action, with 
which palpitation is here associated. It may occur 
with a heart dilated, hypertrophied, or normal, but it 
indicates want of power. Here digitalis and iron, 
with rest, are clearly iiidicated. In the palpitation of 
gout, and in those forms wherever it is truly neurosal, 
or of re6ox orijpn, digitalis does little good. 

Fatti/ Degeneration of the ifearf.— Here digitalis 
can only he of use for its action {through the cardiac 
ganglia) upon the muscular fibres remaining sound. 
Where tlic heart is ffuling obviously, and losing its 
rhythm, digitalis will be of service. There are two 
points \6 be considered here though, and they are both 
related to the question of internal pressure. Firstly, 
if the degeneration bo unequal throughout the heart, 
to increase the blood-pressure in systole is to increase 
the pressure on weakened spots, and so to cause cardiac 
aneurism, or even rupture — or at least to nin the risk 





of doing HO. Next, fatty degeneration of the heart 
is uaually aaaociated with advanced atheroma of the 
veasels, and ho ia "a proaervative lesion," and where 
ao aaaociatcd, to increase the vigor of the heart's con- 
tractiona on the one hand, and tighten the arterioloa on 
the other, would lead to an increase of the internal 
presBure within the arteries, and so to markedly in- 
crease the danger of rupturing them. Still here it ia 
usually desirable to administer digitalis, in spite of 
these theoretical objections. 

In cases of anaemia with unfilled vessels it will 
e found advantageous to give digitalis. By 
ing the activity of the heart and contracting 
the arterioles it tightens the vascular walls upon their 
fluid contents, and so raises the hlood-pressure in the 
arteries. Conaequcntly it is of great service in cere- 
bral aneemia, along with tonics and haematics. 

In considering the action of digitalis it must bo 
home in mind that it not only acts upon the cardiac 
ganglia, and ao excites more perfect contraction of the 
heart itaelf, but that it acts also on the vaso-motor 
centre, and produces contraction of the peripheral 
arterioles. If it did not possess this second action 
digitalis would be of little therapeutic use, for as fast 
as the ventricle threw blood into the arteries it would 
escape by the open arterioles. By obstructing the 
outflow, aa well aa increasing the blood-flow into the 
arteries, digitalis raises the blood-pressuro in the 
B" 
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arteries. It fiUa the arteries, and in doing so emptiea 
the veins. It thus relieves the symptoms consequent 
upon arterial anjemia. The flow of urine is ordinarily 
the measure of the arterial fulness. As Traube 
pointed out, the bulk of urine ia the measure of the 
blood-pressure on the renal glomeruli ; and tliia usu- 
ually is in direct proportion to the general blood-prea- 
Bure, Consequently many persons who have not eare- 
fiilly studied the mode of action of digitalis say: "It 
always does good when the bulk of urine is in- 
creased ;" or : " It always does good when its diuretic 
action is established." Quite true ! But this diuretic 
action is really the evidence of its effect upon the cir- 
culation. When it increases the bulk of urine digi- 
talis ia producing its effect upon the circulation. 

There is juat one more point t« be noted in the 
action of digitalis, and it is this: If digitalis contracts 
the termiiial arterioles, it must cause further obstruc- 
tion to an already enfeebled heart, it may he argued. 
This is »|uite true. But when the heart is distended 
its sensory nerve throws the vaao-inhibitory nerves 
into action, and so dilates the peripheral arterioles. 
Digitalis restores them to their normal calibre, while 
it acts directly upon the heart, increasing the vigor of 
its contractions. Any risk of increasing the obstruc- 
tion offered to the ventricular systole, so aa to embar- 
rass the heart, must be regarded as hypothetical 
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rather than practical, like the dangers of ita use in 
fatty degeneration. 

From its effects upon the heart and arterioles, liigi- 
talia ia used to lower the bodj-tempcraturc in certain 
pyretic conditions where the arterial tension ia low. 
According to Ackennann and Hoidenhain the temper- 
ature and the blood- pressure vary inversely ; when the 
blood-pressuro ia raised, the temperature falls; when 
the arterial tension falls, the temperature rises. Digi- 
talis has been found very useful in pyretic states where 
the heart ia likely to fail, as in typhoid pneumonia, 
relapsing fever, etc. The modern use of digitalis has 
been reached as mnch by the aid of experiment as 
clinical observation. Indeed clinical observation, as 
the history of the drug shows, absolutely needed the 
aid of experimentation to direct it aright. 

The history of diigitalis as a therapeutic agent is 
most instructive. The views taken of its action repre- 
sent the pathological opinions of the time. When 
hypertrophy was a wanton and useless, indeed danger- 
ous overgrowth, digitalis wa,s a sedative, because it 
quieted the tumultuous action of the heart. Now, 
when we recognize that hypertrophy is a useful com- 
pensatory growth, we discover that digitalis is a stimu- 
lant to cardiac action, and rjuiets the heart by enabling 
it to contract more efficiently, and therefore more 
steadily. The whole question of acting upon the heart 
in the way of increasing its power is (juite a recent 
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one. It is now acknowledged generally that we can 
stimulate the heart to contract more efficiently by 
means of digitalis, belladonna, and Btrjchnia. It will 
be seen that not only can we do this, but that there 
are excellent grounds for holding the view that now we 
are in a position to systematically and designedly 
excite more perfect respiratory action when it is de- 
sirable to do so. We possess agents which will stimu- 
late the nervous centres of respiration when becoming 
embarrassed, so that they will once more respond to 
the natural stimuli to action. It will be seen that the 
agenta which possess this power are also those which 
act upon the circulation, and some difficulty wiU arise 
from this combined action ; nevertheless it will be pos- 
sible to demonstrate that there exist drugs by which 
the re3}>iratory centres can be stimulated and excited 
into more perfect aotion when failing. These agenta 
are ammonia, belladonna, and strychnia, which are not 
expectorants in the sense that they exercise any influ- 
ence over the bronchial secretion, but that they affect 
the nervous centres of the respiratory organs, and ex- 
cite more perfect respiratory action. We can maintain 
the respiration when failing in acute bronchitis as cer- 
tainly as we can excite cardiac activity in syncope, or 
when the heart is failing in acute disease. Probably 
any action upon one system involves action on the 
other, but that will not constitute an insuperable diffi- 
culty in the inquiry. 
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Digitalis produces its effects upon the heart, not by 
acting upon the muscular structures, but through the 
nervous centres which excite muscular action. It is a 
direct stimulant to these centres, in that it increases 
the energy of their rhythmic discharges. It causes 
these discharges to become more energetic, and under 
certain circumstances much slower. Nerve centres 
when becoming exhausted usually become irritable, 
that is they act rapidly and with little energy. Under 
these circumstances a direct stimulant to them lowers 
the number of the rhythmic discharges, but increases 
them in power. Digitalis and belladonna have a very 
powerful action upon these cardiac centres, and so has 
strychnia; while aconite depresses them, as also do 
the well-known neurotic sedatives opium, chloral, and 
bromide of potassium. When we wish to stimulate 
the energy of these cardiac mot<3r centres we give 
digitalis, belladonna, or strychnia. Thus in cases of 
failure of the heart these agents are indicated and do 
good. In the palpitation of muscular failure they are 
of service ; but in the palpitation of nervous excite- 
ment, where the cardiac centres are acting too ener- 
getically, they are contra-indicated, and sedatives 
should be used. We are so accustomed to think and 
speak of the heart from its muscular side only, that we 
are apt to overlook in thought, and certainly omit in 
speech, the intimate connection existing betwixt the 
heart and its nervous centres. Yet all these agents 
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act upon the muscular walls tlirough the nerve ganglia 
whicli preside over them, 

BELLADONNA. 

Belladonna acts powerfully npon the heart, and lias 
long heen a favorite agent in conditions of palpitation 
of a chronic character. Dr. John Harley states that 
it causes a rise of hlood-presaure in the arteries, and 
that therefore it is the drug par excellence t« be used 
as a diuretic agent when the arterial pressure is low ; 
Dr. Graves coraraended ita uao in typhus fever in" the 
advanced stages ; and many writers have extolled ita 
utility in conditions of circulatory debility. From 
what we shall shortly see of its action upon the respi- 
ratory centre it is an agent undoubtedly called for 
when the circulation and respiration are failing. It 
has been resorted to very successfully in the treatment 
of collapse by Reinhard Weber, M. D, (^Philadelphia 
Medical Firneg, February 2d, 1878.) 



The action of aconite upon the heart is a very 
powerful and very decided one. A moderate toxic 
dose produces at firat a reduction in the number of 
heart pulsations, then an increase with evident loss of 
power, and finally irregular systolic movements with 
very long intervening pauses ending in diastolic arrest 
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(Achacharumow, Eohm, and Wartmann). According 
to these latter authorities in aconite poisoning the force 
of each individual heat is lessened; and after death 
the cardiac muscle fails entirely to respond to galvanic 
irritation — ite contractility ia Inst. 

Aconite has hcen used of late very largely, for the 
purpose of quieting the circulation when excited, espe- 
cially in febrile conditions. Sidney Kinger lias done 
much to bring this agent into notice for the alleviation 
of pyretic states, especially in children. It lowers the 
action of the heart, and also of the respiration, and so 
lessens the chemical interchanges going on; at the 
same time that it dilates the cutaneous vessels aud 
throws the sudoriparous glands into action, and so 
increases heat loss. Its effects are very distinct, and 
for children it really is an excellent measure. In my 
experiments I found the younger rabbits to rc(;[uire a 
larger (juantity of aconite to the pound weight to pro- 
duce a lethal effect than in older rabbits. (Onc-tbrce 
hundredth (jjo) (*f ^ grain of aconitino was a lethal 
dose for a 3 lb. rabbit; while for a rabbit weighing 
IJ lb. not a six-hundredth (alo)) hut a four-hundredth 
(lio) ^f * grain was the lethal dose.) The same 
holds good in man, and Dr. Farquharson recommends 
great caution in its use in the aged, and e.^tols its 
utility in children, Aconitino, then, can be usefully 
employed when we desire to lower the heart's action 
when excited. It aftects the muscular contractions 
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through the nervous ganglia, whose discharging inten- 
sity it lessens. 

These three drugs just enumerated esercise an in- 
fluence over the circulation and respiration which is 
very marked, and out of all proportion to their action 
upon other parts of the nervous system. Other agents, 
aa strychnia, as an excitant, and opium, chloral, bro- 
mide of potassium, as sedatives, exercise the same 
action upon the cardiac centres that they do upon the 
nervous system generally, and may be resorted to with 
advantage in many abnormal conditions. 

So much for the action of drugs upon the circula- 




CHAPTER V. 



THE RESPIRATION. 



It may now be well to consider the subject of the 
respiration, the means by which it is conducted, the 
circumstances which influence it, and the action upon 
it of certain medicinal agents, as ascertained by recent 
experimentation and observation. It is considerably 
more diflScult to present a brief, lucid, and yet withal 
fairly accurate sketch of the nervous mechanism of the 
respiration than it is of that of the circulation. In 
each there are rhythmically discharging centres — 
motor centres which discharge or explode at recurrent 
intervals. But in addition to these there are nerve- 
fibres in connection with them which may cause them 
to discharge more quickly, called accelerator nerves ; 
and others which retard the discharges, called the in- 
hibitory, or restraining nerves. The respiration is, 
too, to a much greater extent under the control of the 
will than is the action of the heart. Voluntary effort 
may slow the respiration pronouncedly, but it cannot 

arrest it; the necessity to breathe becomes too im- 
9 
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perious for any exercise of the will. Both arc largely 
influenoed by the emotion b. 

Such are the arrangemcnta common to both the 
respiration and the circulation. The peculiarities of 
the respiration may now be reviewed. Breathing is 
an involuntary act, which persists during unconscious- 
ness. It depends upon a centre in the medulla, and 
continues after all parts of the brain above the medulla 
are removed. On the other hand, if ttie cord be di- 
vided just below the medulla all tlie thoracic move- 
ments necessarily cease ; but that the centre is still in 
action is evidenced by the fact that the respiratory 
movements of the nostrils and glottis still continue. 
The respiratory centre, the n(end vital of Flourens, is 
placed in the medulla, below the vaso-motor centre; 
and if this nceiid vital be excised, though all other 
portions of the nervous system be left untouched, tlie 
respiration stops. Respiration is maintained by tlie 
action of the blood upon this centre. It is in com- 
munication with the lungs by means of the vagi, and ie 
probably more or less inflxienced by certain conditions 
of the lungs, for when the vagi are cut the respiration 
is modified, it becomes deeper and more prolonged ; it 
is fuller and more complete. What it loses in rapidity 
it gains in depth. The vagi contain both accelerating 
and inhibitory fibres, the accelerating fibres preponde- 
rating, Consc<iuently section of the vagi slows the 
respiration ; but to compensate for this tlie inspiratory 
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act ia deeper and fuller. It is in this respiratory 
centre that the action of breathing takes its origin: not 
ill the peripheral termitiationa of the vagi in the lungs. 
In ordinary reapiration certain imisclea only are set in 
action, hut under other circumstances the energy of the 
diacharf^e is felt in the accessory musclea, by which a 
more vigorous act is determined ; and in dyspmea 
nearly every muscle of the body is thrown into action. 
The next point to be considered is the effect of the 
blood upon this respiratory centre' — this rhythmically 
discharging motor-centre— whose action is ao essential 
to life. We have seen that the removal of all the 
brain above the medulla leaves the breathing unaf- 
fected ; section of the cord below leaves the centre un- 
affected, the respiratory action of the nostrils contitming 
as before : but if this naeud vital alone of all the 
cerebro-spinal system he excised, the respiration ceasea 
entirely. The effect of the hlood passing through this 
centre upon It is to excite the discharge which causes 
the respiratory movements. The more venous the 
blood, the greater the activity of this respiratory cen- 
tre. The effect of venous blood is to augment the 
natural explosive (Iccomposition of the nerve-cells of 
the respiratory centre ; it increasea the respiratory 
impulses, and quickens their rhythm. Tlie effect of 
defective arterializatiou causes more rapid as well as 
deeper breathing ; more perfect and extensive respira- 
tion is set up until properly arterialized blood is pro- 
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cured. The absence of oxygen rather than the presence 
of carbonic acid is the exciting cause of this more ener- 
getic respiration. Thus if the blooii-supply to the me- 
dulla be cut off by ligature of the arteries of the neck, 
dyspncea is produced. On the other hand a rabbit in 
which artificial respiration has been vigorously carried 
on ceaaea to breathe for some time until the blood be- 
comes venous again. This condition of apncea — true 
physiological apnoca — ia induced because for a time 
the blood is so highly oxygenated that the respiratory 
discharge is delayed ; it takes some time for the blood 
to become sufficiently venous to excite respiratory 
action. Such is tbe condition of true apnoca. 

The opposite condition, dyspnoea, is the reverse of 
tbis. In dyspnoea more violent respiratory efforts are 
set up. The respiratory impulses overflow their ordi- 
nary routes until nearly every muscle of the body ia 
thrown into contraction. The more venous the blood 
the more vehement the discharges, and the more ex- 
tensive the respiratory act ; but if tbe blood becomes 
too venous the respiratory centres ceaae to act. A 
little accession of oxygenized blood will, however, 
again set them in action. A certain, but small, 
amount of oxygen is necessary to the rhythmic <^ 
charges. In dyspnoea the expiration, aa well as the 
inspiration, becomes more pronounced. The impulses 
generated by the presence of highly venous blood, or, 
more correctly, blood abnormally deficient in oxygen, 
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are more than ordinarily energetic, in order to iniiuce 
reapiratory movements powerful enough to oxygenise 
the blood. If they are sufficiently vigorous to attain 
this end the dyspncea is relieved ; if insufficient, the 
dyspncea passes into asphyxia. The greater the 
necessity for respiration, the more energetic the explo- 
sive discharges generated, until either the condidon ia 
relieved or the efforts fail. In ordinary respiration a 
certain group of muscles are set in action ; if the 
breathing is more difficult, a wider area of muscles ia 
involved, viz., the accessory muscles of respiration ; if 
the dyspntea be urgent, the impulses generated by the 
respiratory centre are felt in every part of the muscu- 
lar system. Thus the system is protected against 
asphyxia until the centres can no longer carry on the 
struggle, and fail. The breaUiing gradually becomes 
slower, the enfeeble respiratory centre takes some time 
to develop an expiratory explosion; but the impulse, 
when it is generated, is proportionately strong. 

This review of the mechanism of normal respiration 
will enable the reader to grasp all the more readily the 
action of certain drugs upon this mechanism ; and 
without such knowledge of the respiratory movements 
it is impossible to intelligently comprehend the effects 
of certain powcrfnl toxic agenta.^ The respiratory 



' This ap(!Ount of the rcspirution will bi; found in agreement 
witli our most recent works on physioli^y, anil espeeially (ho 
able work bj Mitliiiel Forstcr, F.R.S. 
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centre is not merely a reflex centre ; it is higher than 
that, it is automatic. Eiferent impulses start de novo 
from the centre itself; the respiratory movements are 
not merely reflex. An explosive discharge is gene- 
rated within the centre itself and sets up the respiratory 
movemeiita. The more venous the blood, i. e., the 
more deficient the blood is in oxygen (provided that it 
still contains some oxygen), the more frequent and 
more energetic are the movements set up. On the 
other hand, when the hlood is saper-oxygenated, apncea 
is induced for a time, until the disappearance of the 
oxygen from the blood excites respiratory impulses. 
It seems probable that this explosive decomposition of 
the nerve-eells is due to the formation of some sub- 
stance which has its activity diminished by the presence 
of oxygen in large quantities. When oxygen is pre- 
sent in excess the respiratory explosion or discharge 
ia arrested ; when oxygen is present in normal amount 
ordinary respiration is found ; when oxygen is defi- 
cient, dyspncea is induced — the respiratory explosion 
or discharges, are more frequent and more powerful, 
and extend over the whole muscular area. When 
oxygen is entirely absent they cease utterly. 

Further than this in the present state of our know- 
ledge we cannot go, but tlie above rhumi is sufficient 
to throw a flood of light upon the action of certain 
dniga upon the respiration. 

Thus Prof. Krazcr found Calabar bean to have ft 
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profound effect upon thia centre, and that atropine coun- 
teracted its effects. Prof. Bennett and Oacar Liebreicb 
found chloral and strychnia to have an antaj^oniatic 
action to each other ; while the writer found aconite to 
be effectually antagonized by atropine and strychnia. 

Wc will now review the action of these different 
agents by the light of the above risuvi6. It will be 
Been that certain agents, as strychnia, chloral, and mor- 
phia, possess tlie Bamo action over the respiratory 
centre that they exert over the nervous system gene- 
rally ; while aconite and atropine e.tert an influence 
chiefly upon the rythraically discharging centres (those 
of the circulation and respiration), and do not appar- 
ently affect the rest of the nervous system, that is to 
anything like the same extent, at least comparatively. 

To take aconite first. When a rabbit is dying of 
aconite poisoning its respirations become slower and 
deeper, the movements are violent, and then convulsive, 
until the animal dies from exhaustion of ita respiratory 
centres. If the dose be large the heart is found still to 
have been contracting strongly, and after death it is 
found in systole. If the dose he smaller, and the act 
of dying is more prolonged, then the heart fails too, 
and is found in diastole. It is found in aconite poi- 
soning that the force of each individual beat is lessened ; 
and that after death the heart fails to respond to gal- 
vanic irritation. Aconite acts most potently upon the 
circulation and respiration, over which the rhythmically 
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diacharglng centres preside. When a rabbit is dying 
of aconite poisoning the respiration becomes gasping 
and slow ; and at every fifth respiration, or nearly so, 
there is a violent gasp, with a general struggle. Thus 
we aee the phenomena of dyspncea clearly produced, 
the breathing becomes more energetic, while slower, 
the muscular movement becomes general, and then the 
centre fails. If au antagonistic agent in sufficient dose 
be given the respiration becomes quickened, and as it 
grows quicker the extent of the muscular area involved 
is diminished until normal respiration is attained. 
Aconite acts very decidedly upon the respiratory cen- 
tres ; and this efieet is not produced by any stimulation 
of the inhibitory nerves of the vagus, and so arresting 
the action of the discharging centre, but by the effects 
upon the centre itself (Bcihm, and Wartmann, and 1.16- 
geois and Hottot) ; because previous section of the va^ 
did not in&itence the action of aconite upon the respira- 
tion. The writer fully agrees with the conclusion arrived 
at by II. C. Wood, "that aconite is a direct depressant 
and paralyzant of the respiratory centres." 

Then as to Calabar bean. Prof, Frazer found the 
respirations and the pulse-beata to he distinctly lowered 
by Calabar bean until they became undistinguishahle. 
After the administration of atropia both were notably 
quickened, indeed the normal rapidity was exceeded 
for a time after which they fell to their wonted rapiility. 
Calabar bean kills by paralyzing the rythmically (lis- 
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oharj;iiig centres of the circulation and respiration; 
and atropia saves life from toxic doses of this poison hj 
its antagonizing and stitnulant effects upon these explo- 
ding centres. 

Then as to chloral. This agent depresses all nor- 
yous action when administered systemic ally, and pos- 
sesses a potent iEfluence upon nerve areas when ap- 
plied locally (Dowse). The action upon tlie centres 
of the circulation and respiration differs not from its 
general action upon the nervous system, unless it be in 
degree. " It kills by paralyzing the centres of the 
circulation and respiration, especially the latter. In 
t£ixic doses it brings the respiration to a standstill, the 
heart being found flaccid in diastole. In full doses 
chloral lessens the nnmher of the respirations per 
minute, causing them to become slow and full ; in 
tusdc doses this becomes more marked, until finally tlie 
rhythm is very much affected and the respiration grows 
very irregular, and sometimes very rapid and shallow, 
or even slow and shallow, until it finally ceases. As 
these phenomena occur equally after section of the 
vagi the influence of chloral must be exerted upon the 
respiratory centre at the base of the brain. " In fatal 
doses it causes death by arresting, through paralysis 
of the nerve-centres, first respiration, and finally the 
heart in diastole" (II. C. Wood). Again in chloral 
we see the respiration fail, but not exactly the same 
as in aconite poisoning. The generally paralyzing 
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effects of chlora! prevent those convulsive and exten- 
sive respiratory movements found in aconite poisoning. 

Then as to opium. Opium and its derivative, mor- 
phia, act upon all nerve centres ; but they act espe- 
cially on the respiration. "To maintain respiration is 
the ultimate object of all the measures which are com- 
monly undertaken for the purpose of arousing the sys- 
tem in opium-poisoning. Uuconseiouanesa in itself is 
of no moment, but as it deepens, the sensibility of the 
respiratory centres grows less, and consequently the 
involuntary breathing is less rapidly and perfectly per- 
formed. When other measures fail artificial respira- 
tion should be resorted to and steadily maintained 
nntil all cardiac action has ceased or recovery taken 
place" (H. C. Wood), Here again we find the cir- 
culation waiting upon the respiration, which ia the first 
to fail, " Death occurs from opium, in the great ma- 
jority of cases, by failure of the respiration ; and that 
such failure ia due to a direct action of tlie poison 
upon the respiratory centres in the medulla is proven 
by the fact that morphia affects the breathing of dogs 
and rabbits whose pneumogaatrica have been cnt as 
much as it does those whose nerves are entire (Gschei- 
dlen)." 

Thus we see there are two classes of agents which 
paralyze the respiratory centres : 1, those which act 
upon the nervous system generally and the rhythmi- 
cally-discharging centres especially ; and 2, those 
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agents which act chiefly upon the latter. The first 
division comprisea chloral and opium, the latter aco- 
nite and Calabar bean. 

We may next profitahly examine the action of agents 
which directly stimulate the respiratory centres. They 
also influence the other rhythmically acting centres — 
thoae of the heart. To take itrychnia first. The ac- 
tion of strychnia upon the respiration has not yet been 
specially studied, as has its action upon its circulation, 
except by Prokop Rokitanski. It has to bo read 
mainly by the antagonism it exercises towards certain 
other toxic agents. Bennett and Liebreich found it to 
exercise an influence over leihal doses of chloral, but 
not to the extent that chloral influenced strychnia poi- 
soning, though still enough to demonstrate the antago- 
nism. I found it to exercise a very distinct and pro- 
nounced influence over lethal doses of aconite. In my 
opinion the rabbits which died witli the symptoms of 
strychnia poisoning in my experiments died of expira- 
tory spasm. It was as if the respiratory centre was 
thrown into a state of tetanic spasm, and inspiration 
was no longer possible : the same phenomenon as oc- 
curs when the central end of a cut vagus nerve is se- 
verely irritated. That strychnia does exercise such 
an efl'ect upon the respiratory centres and cause expi- 
ratory spasm as well as active inspiratory eft'orts is 
evidenced by esperimenta. Leuhe and Rosenthal found 
that artificial respiration prolongs and even saves life, 
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according to the amount of strychnia poisoning injected. 
And SchiiF corroborates this, for he found that ani- 
mals in which forcible artificial respiration was main- 
tained survived doses much larger than thoac ordinarily 
fatal. The artificial respiration was performed by in- 
serting a canula into the trachea and filling the lungs 
by force (H. C, Wood). It is clear that the action 
of strychnia is to excite or stimulate the respiratory 
centre ; but that, in lethal doses it acts most pro- 
nouncedly upon the expiratory portion of the respira- 
tory act. 

Lastly, atropia. The action of belladonna upon the 
respiration is a very important one. Like aconite, it 
acts specially on the rhythmically discharging centres, 
which rule over the respiration and the circulation. It 
has, however, a more marked action upon other parts 
of the cerebro-gpinal system than aconite possesses. 
The action of atropia upon the respiratory centres is 
most marked, and is quite ci[ual to that exercised by 
strychnia and ammonia. Its action is decidedly stimu- 
lating, and its potency in opium poisoning is due to ita 
effects upon the respiration (and the circulation) when 
failing. That it does not exercise its influence tlirougU 
the va^ is proved by the fact that Bezold and Bloe- 
baum found that acceleration of the breathing was pro- 
duced by it after the vagi were cut. H. C. Wood says 
that it is the only known drug which exerta a decidedly 
stimulating effect upon the respiratory centres. He is 
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in error here in making this statement that it is the 
only agent, as the foregoing experiments and observa- 
tions show. Further, he himself states elsewhere, that 
ammonia is an intense direct stimulant to the respira- 
tory centres in the medulla oblongata. Certain it is 
that belladonna is a most potent agent in opium poison- 
ing, " where its main influence for good is upon the 
respiratory centres." Prof. Frazer found atropia to 
at once restore the failing respiration and circulation 
in Calabar bean poisoning, the acceleration of the 
rhythm of each under its influence being very marked. 
The writer also noted how the failing, gasping respira- 
tion in poisoning by aconite became restored under the 
influence of belladonna. There can exist no longer 
any doubt that we possess in atropia, in strychnia, and 
in ammonia, most powerful means for acting upon the 
respiratory centres when these are being paralyzed by 
toxic agents. 

From what has now been said it is clear that we arc 
already in possession of agents which exercise a direct 
stimulating effect upon the respiratory centres ; as well 
as agents which exercise a decided paralyzing effect 
upon these centres. It may now be well to consider 
what use may be made of such knowledge of the action 
of these respective drugs in the treatment of disease. 
We may classify these agents as (1) Respiratory De- 
pressants, and (2) Respiratory Stimulants. 
10 
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,STa. 




To take the Respiratory Depressanta first. It is 
clear that there are two lesaona to be loamt from our 
acqaaintance with the fact that certain agents depress 
the activity of the respiratory centres. The first one 
is a most instructive one ; withal it is a purely nega- 
tive lesson. It is this: Whenever the respiration is 
oppressed ami severely taxed, as in cases of severe bron- 
chitis, or extrusive pneumonia, and still more in ceclema 
of the lungs, sedatives arc not to be exhibited. The 
sedatives most in use, and most likely to be selected 
to give relief, or procure sleep when absent in the 
above cases, are opium or chloral. But if these agents 
exercise a potent influence over the eerebro-spinal cen- 
tres generally, and by arresting their activity procure 
sleep — and this they certainly do — we must remember 
tliat they exert a still more pronounced power over the 
rhythmically discharging centres which preside over 
. the respiration and the circulation ; that in fact they 
kill by their effects upon these very centres. The 
well-known empirical rule not to employ narcotics in 
such forma of sleeplessness is founded upon a painful 
experience of the dangerous and disastrous consequen- 
ces of the exhibition of such agents in cases where the 
breathing is much oppressed and failing. How such 
unfortunate results should ensue becomes now plain and 
intelligible enough when experimental investigation has 
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come to the aid of empirical observation, and pointed 
out the special action of these two powerful narcotic 
agenta upon the respiratory centres, and upon other 
centres, on whoso activity in keeping up the action of 
the accessory muselca of respiration the very existence 
of the patient depends during dyspncea. If the volun- 
tary efforts to maintain respiration— and in djapnoea 
the voluntary efforts of the individual are added to the 
energetic explosions of the respiratory centres— are 
arrested by sleep, then it becomes eminently doubtful 
whether the activity of the automatic centres iu the me- 
dulla can carry on the respiration efficiently or not. 
The life of the individual depends upon the energy 
with which forcible respiration is maintained, and if 
these efforts be arrested by a narcotic, the patient then 
sleeps ; but it is to be feared that the sleep will be one 
which knows no awakening. Under the circamstanoea 
of dyspnoea, due to demonstrable organic disease, the 
administration of narcotics is very unsafe, and should 
be avoided. The danger of death from arresting the 
voluntary efforts is much increased by the powerful 
effect of these narcotic agents upon the centres in the 
medulla diminishing their activity, and thereby reduc- 
ing the muscular efforts set up by the rythmic explo- 
sions of the automatically-acting centres. 

The action upon the respiratory centre is such that 
it lowers the energy of this centre, and of the efferent 
impulses which are sent out therefrom to the muscles 
connected with respiration. The great danger to life 
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is the failure of tlie respiration, and this danger is 
mucli increased if drugs are given whose action is pro- 
nouncedly to paralyze those very centres which are 
already being overtaxed in their efforts to maintain the 
exist-ence of the organism. Such is the negative lesson 
to be learnt about the avoidance of opium and chloral 
when the respiration id embarrassed. 

Not only does this danger exist if opium or chloral 
be given during acute difficulty of breathing, but these 
agents exercise a sinister influence when given to pro- 
cure sleep in cases of chronic pulmonary embarrass- 
ment. They will doubtless assist the natural inclina- 
tion to sleep, which is usually strong, if sleep did not 
lead to difficulty in the breathing. They cause such 
drowsiness that the patient falls asleep, very frequently 
to be roused by a terrible attack of dyspncea. The 
effect upon the nervous system generally has been to 
procure sleep, but the effect upon the rythmically dig- 
charging centres, and especially the respiratory centre, 
is to depress them also. Consequently the narcosis 
artificially produced la linked with attacks of dyspncea, 
from failure of the respiratory centre during this medi- 
cinally induced sleep. 

The other lesson to be learnt from our knowledge of 
the action of respiratory depressants is a positive one. 
It relates to the neurosal disturbances of the respiratory 
organs. These disorders are notably asthma, whoop- 
ing-cough, hiccough, the well-known neurosal cough of 
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children and young girls, — a small cough like the 
cough of pulmonary tuberculosis, and often mistaken 
for it, the hysterical disturbances of sighing, sobbing, 
and the hurried breathing found in conditions of excile- 
inenC and agitation, and finally paroxysms of sneezing. 
In all these neurosal disturbances the respiratory centre 
is involved, and the muscular movemcnta associated with 
these acts must depend for their nervous origin upon 
efferent impulses flowing from the respiratory centres 
in the medulla. It is apparent enough that in the 
treatment of these conditions we must resort to agents 
which affect those centres in the medulla. But how 
arc wo to select our agents ? and by what rules are we 
to be guided in our selection ? Hitherto empirical ex- 
perience, founded upon the remembrance of like or 
similar cases, has been the solo guide ; because no gen- 
eral principles have been, nor without experimentation 
could have been, evolved. Such guidance, aided by a 
groping about and trying first one agent reputed to be 
useful in these conditions and then another, until either 
some agent did succeed, or the malady wore itself out 
and tlie last drug resorted to got the credit of the cure, 
or all measures failed, to the despair of the patient and 
the physician, has been the position of affairs hitherto. 
Now however something like principles are beginning 
to dawn upon ua, and rules will probably before long be 
formulated which will guide us in our selection. Care- 
ful clinical observation must succeed experimental re- 



search, and the indicationa furnished by the latter must 
be worked out carefully and watchfully at the bedside 
and in the out-patient rooma. Take a case of whoop- 
ing-cough at present. Wo possesa no rules to guide 
na as to whether we shall resort to belladonna, to chlo- 
ral, to bromide of potassium, to lobelia inflata, or the 
gelserainum sempervirens ; or whether the child should 
inhale carbonic acid gas, as by being held in the fumes 
of a lime-kiln ; or try inhalations of some secret prepa- 
ration. The treatment is simply empirical, indeed es- 
perimentaJ. But there seeraa every reason to believe 
— the writer dare not yet make a more positive state- 
ment on a limited experience — that by a careful atten- 
tion to the rapidity of the respiration, its depth, its 
character, whether actively spasmodic, or gasping and 
labored, the agent may he selected which will, with 
fair certainty, relieve the case in point. Where there 
is excitement both of the respiration and the circulation 
— for they are so closely linked together that any 
marked condition of the one materially influences the 
other — then there are good grounds for giving bromide 
of potassium, chloral, or morphia, together with those 
anti-spasmodics, musk, camphor, etc., of which we have 
as yet no certain knowledge from experiment, but sim- 
ply tlie legendary lore of a far-reaching empiricism. 
Where there is evident excitement in the respiratory 
centres these depressants may be chosen with much 
probability of euccess. On the other hand, where there 
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are evidences of more or Ie98 enfceblement of the cen- 
tres, and the respinition is labored and alow, or shallow 
and rapid, aud still more if shallow and slow both, then 
the opposite class of agents must be preferred. Horo 
farther depression of the respiration is most undesirable 
and is to be studiously avoided. There are good 
primd fade grounds for the resort to an agent which 
will stimulate the wearied centres, as in the case 
related before under the head of the Action of 
Strychnia (p. 66). 

Such is the improvement which ia being furnished to 
practical medicine by the results of speculative experi- 
mentation. There is a large mass of material already 
collected for the U8e and service of the clinical ob- 
server. There is already sufficient accumulated to 
point the way and give direction to clinical obsen'ation. 
The path ia indeed even now shadowed out along which 
the practical physician must move towards a more ac- 
curate knowledge of the disturbances of the respiration 
and of the means of controlling them successfully. Wo 
already know how to discriminate the palpitation of 
muscular failure from the palpitation of nen'Ous ex- 
citement ; we know that the first requires digitalis, the 
latter bromide of potassium. So in a little time, with 
a neurosal cough wo shall be able to diacriminate those 
forms depending upon excitement in the centres in the 
medulla — requiring respiratory depressants, from those 
linked with enfceblement of these centres — needing 
respiratory atimulanta. 
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RESPIRATORY STIMULANTS, 

From the foregoing sectiona of tbis essay it ia clear 
that we possess agents which will antagonize the effects 
of certain other agents which paralyze the centres 
which govern the respiration. They save life under 
circumstances where without them death is certain. 
In addition to the presumption thus afforded ty ex- 
perimental research as to these stud agents being 
stimulants to the respiratory centres, because they 
prevent death from being brought about by tosically 
induced paralysis of the respiration, there is much 
direct testimony furnished by other experiments, which 
tell explicitly that these agents are really stimulante to 
the respiratory centres. Reference has been made to 
this direct testimony above. About the fact of strych- 
nia, belladonna, and ammonia being stiniulants to the 
automatic respiratory centres in the medulla oblongata, 
there ia no longer any room for doubt. The hypo- 
thesis that if these agents, especially strychnia and 
belladoima, will save life when threatened by failure 
of the respiration induced by toxic agents, they will 
alao be of service when the respiration ia failing in 
disease, is a fair and reasonable one to erect. More- 
over it will bo found that it is the fact already ascer 
tained clinically, that these tlircc agents are of the 
greatest service when the respiration is embarrassed 
in disease. The use of ammonia as a stimulating ex- 
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pectorant in bronchitis when the powera are failing is 
too notorioua, too generally known, for any further 
reference to be made to it in an essay of thia character. 
The utility of ammonia under these circumstances is a 
well-accepted fact with the profesBion at large. Tho 
usefulness of strychnia and belladonna as respiratory 
stimulants in the affections of the respiratory organs ia 
comparatively unknowTi as yet to the profession, and 
this is specially true of strychnia. Dr. Thorowgood 
alone has pointed out the efficacy and potency of 
strychnia to give relief in paralytic asthma with 
emphysemaj when the expiratory effort is deficient in 
power. Sidney Kinger states that strychnia ia useful 
in the chronic catarrh of the stomach, which often 
occurs in chronic diseases, as bronchitis and dilated 
heart ; but he says nothing of any direct action upon 
the respiration produced by the drug when so admin- 
istered. And H. G. AVood but vaguely alludes to any 
Buch action in the general statement, that strychnia is 
useful in depressed states of spinal or other motor-cen- 
tres. The writer however has for some time past used 
strychnia systematically for its effects upon the respira- 
tory centres with very gratifying and satisfactory re- 
sults. Tlie forma of disease in which he has chiefly 
used it have been uhronic bronchitis, especially when 
combined with more or less emphysema, and where 
the persistent difficulty of breathing — -imperfect dys- 
pnoea — has been found very exhausting and fatiguing 
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by the patient. The relief experienced was not alike 
in all cases, it is true : but in a large proportion it was 
very noticeable. In a certain. proportion it was very 
decided, and the patients were greatly and matenally 
relicved by its administration. In these cases, as in 
the one instanced under the consideration of the action 
of atryehnia, there was great improvement in the 
breathing, it was less labored, and was once more con- 
ducted by the automatic centres in the medulla ; and 
80 the necessity for the painful laborious voluntary 
efforts was diminished, if not in some cases entirely 
done away with. This gives great relief to the 
patients ; and it yet remains to be discovered whether 
resort to somewhat larger doses than those in common 
use will not afford relief in those cases where the ordi- 
nary doses have, more or less, failed to procure the 
desired results. In other cases, as for instance where 
a considerable portion of one or both lungs is practi- 
cally, for all respiratory purposes, destroyed by a 
deposit of tubercle, strychnia will often enable the 
patient to breath more easily ; and so not only afford 
relief from suffering, but do positive good by increasing 
the oxygenation, and by making the respiratory efforts 
more powerful and more complete. 

Where there is a dilated right heart hi chronic bron- 
chitis with emphysema, and digitalis gives but imper- 
fect relief, the addition of strychnia to the mixture will 
usually make it much more effective. The action of 
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digitalis upon the heart, improving its contractions, is 
not in itself Bufficient in these eases ; and the action of 
strychnia upon the respiration is reijuired as well, in 
order to efficiently meet tlie needs of the sufferer. In 
these cases there is often a long history of difficulty of 
breatliing, especially in winter weatlier. The respira- 
tion is permanently impaired by the ravages of emphy- 
sema, and the respiratory movements are limited and 
insufficient for proper blood aeration. The blood, 
more than wontedly venous, excites the discharging 
centres in the medulla, and more forcible respiratory 
efforts are made by more energetic efferent discharges. 
But tbis tends in time to emlianassment and enfeeble- 
ment of these centres, and voluntary cflbrts are induced 
to assist these automatically furnished efferent im- 
pulses. The shoulders are fixed in order that the 
accessory muscles of respiration may act more ener- 
getically, the gait is stiff, and the movements restricted. 
The powers are taxed by the i-espiratory efforts, and 
all accessories are called into play. When winter 
comes, and the calibre of the air-tubes is diminished 
by the awelliug of the bronchial mucous lining, the 
respiration is still further impeded. It is under these 
circumstances that strychnia seems to exercise so bene- 
ficial an influence. The stimulation of the automatic 
centres tliereby renders the resort to conscious effort 
less imperative; and so the patient is relieved, not 
only as regards his subjective sensations, but the 
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respiration 1)60011169 at once inor6 efficient as well as 

easier. In these caaea the right heart is almost always 
involved, and becomes dilated and enlarged in conse- 
quence of tlie impeded pulmonic circulation, and the 
increased obstniction to the blood-flow to be overcome. 
It is apt to falt«r too, and unless digitalis and strych- 
nia be {^ven together, the patient is apt to sink below 
the point compatible with life. Of course it is neces- 
sary to conserve the patient's powers to the utmost, to 
reduce the demands upon him to a minimum ; and 
these ends are best achieved by putting him to bed. 
By 80 doing the body heat, but imperfectly furnished 
by impaired respiratory interchanges, is conserved ; 
by perfect quiescence all demand upon the system ia 
reduced to the lowest point, and the systemic forces 
and the nutritive processes can both be centred upon 
the respiratory muscles and mechanism, whose exhaus- 
tion is threatening. Sufficient nutrition to supply the 
requisite pabulum must be secured by the exhibiljon 
of suitable food — suitable alike in quality and quantity 
— small amounts given at not too distant intervals are 
desirable ; for the wear and tear must be met by nu- 
trient material to the nerve centres themselves, as well 
as to the muscles acting under their control. Having 
secured those different fundamental measures, then the 
good effects of the special agents may be put in force 
with a reasonable expectation of success. K they be 
tried in conditions wbich do not admit of possible sue- 
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cess, then of course they fail. But if tho conditions 
under which tliey are tested are fairly good and favora- 
ble, then results will be attained whiuh will leave no 
doubt upon the mind of the observer aa to the efficacy 
of these respiratory stimulants, 

In cases of pulmonary tuberculosis, where the lungs 
are more or less crippled and their atmcturo impaired 
by deposits of solid material in them, the breatliing is 
very commonly labored and uncomfortable. Here 
again the automatic actions are insufficient, and volun- 
tary effort is evoked to supplement them, together with 
the discomfort and sense of gathering exhaustion which 
dyspuoea, when protracted, induces. In such cases 
strychnia acts not only as a useful general tonic, but 
as in the illustration given above, it acts specially upon 
the respiration, and gives relief. An extensive ex- 
perience of both these classes of caaes enables the 
writer to be pretty positive about these statements. 
Strychnia is, then, a tonic specially adapted to those 
eases of general deliility where the respiration is 
embarrassed. 

Belladonna, too, possesses similar properties, and as 
we have seen, is a direct stimulant to the respiratory 
centres in the medulla. Its efficacy in certain respira- 
tory disorders has long been recognized empirically, 
and it has been largely used in certain neuroaal affec- 
tions of the respiratory organs. Its good effects have 
until recently been attributed solely to its action upon 
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muacles, and the leading theory of its acdou was that 
it relaxed muscular spaBm. But seeing that in many 
cases there ia no muscular spasm to relax, it seems 
difficult to admit this as a sufficient explanation. Fur 
ther, there is a whole mass of evidence from various 
sources that it has a powerful action upon the respira- 
tory ceutrea. Meigs anil Pepper are very positive 
about the usefulness of belladonna in whooping-cough ; 
and the obscrvatioas of Dr. Charles Kelly demonstrate 
that larger doaes than those in ordinary use are desira- 
ble with children, who are much more tolerant of 
belladonna than adults are. It is stated by writet^ 
that belladonna ia especially useful in the third week 
of the attacks when the febrile stage ia over, and the 
convulsive attacks are diminishing in violence. A3 
stated above, it is now necessary that the surroundings 
of each case of cough be carefully noted and weighed 
before deciding whether to resort to a sedative like 
chloral or bromide of potassium, or to a respiratory 
stimulant like atropia. 

Hyde Salter found belladonna to be useful in cases 
of asthma where there was also oppression of breathing 
and cough ; only he found that in order to be useful in 
these conditions it must be given in considerable doses. 
From tto foregoing aun'ey the utility of belladonna in 
such cases is readily intelligible, and its stimulant 
effect upon the respiratory centres will have excellent 
effects in maintaining the respiration under the dilficul- 





ties of spaBm of tlie bronchial muacular fibres and dimi- 
nution of the calibre of the air tubes m consequence ; 
jitat aa we have seen it ia of service in chronic bron- 
chitis eepeeially when the calibre of the air-tubes ia 
diminished by swelling of their mucons membrane. 

The relations of pulmonic respiration to cutaneous 
respiration and the occurrence of perspiration when 
the respiration is impeded, suggests the hypothoaa 
alluded to before, that in the relief of the night sweata 
of phthisis th d if ts are not solely due to the 

effect of bellad nap the sudoriparous glands. It 
is well-kno n tl t tl s s veats are most profuse when 
the sleep is p f und an I oma-like ; and that when the 
patient remains awake the perspiration is less. When 
sleep is procured by opium or morphia the sweating is 
very profuse. The diminution of the respiratory move- 
ments in deep sleep, especially when artificially induced 
by agents which also act powerfully upon the respira- 
tory centres, may induce compensatory cutaneous action 
and so supplement the pulmonic deficiency. Thus bel- 
ladonna, by maintaining t!ie respiration and preventing 
or antagonizing the effects of the morphia upon the 
respiratory centres when administered along with it 
may, to some extent, prevent the necessity for profuse 
sweats ; as well as check the action of the sudoriparous 
glands. The pill of one-third (J) of a grain of mor- 
phia with one-thirtieth (jV^ of ^ grain of atropine in 
use by me at the Victoria Park Cheat Hospital for the 
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relief of the sleeplessness due to a racking cougli in 
the phthisical, and which relieves the cough effectually — 
while the belladonna prevents the profuse perspirationa 
which ensue when morphia in sufScient dose is given 
alone — is an effective one in practice. But the action 
of the belladonna upon the respiration must not be 
overlooked, or unJcr-estimated as a possibly important 
factor in the production of the results. 

It is not only in these more permanent conditions of 
disease of the respiratory organs that the agents atrjch- 
nia and belladonna are of sen-ice. If space permitted, 
details of cases of acute bronchitis treated successfully 
by strychnia, when death seemed imminent, could be 
related. 

Seat. — Before leaving this deeply interesting sub- 
ject of the effects of agents upon the rhythmically dis- 
charging centres of the circulation and respiration, it 
will be well to consider the effects of temperature upon 
these centres. , It is a very important subject, and one 
that possesses a high practical value. When a frog's 
heart is taken out of the body and laid upon a plat£ 
its contractions in time become deficient in vigor and 
much slower. If the plate be gently warmed the con- 
traclions become more frequent and more vigorous, 
illustrating distinctly the effects of temperature upon 
the cardiac ganglia. So much for the centres of tlie 
circulation : now for the effects of temperature upon 
die respiratory centres. " If the blood in the carotid 
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artery of an animal be warmed above the normal, dysp- 
noea is at once produced. The over-warm blood hurries 
on the activity of the nerve-cells of the respiratory 
centre, so that the normal supply of blood is insufficient 
for their needs" (M. Forster). Thus we see that if 
the blood be of a high temperature it increases the in- 
tensity of the discharge from the nen-e-cells of the re- 
spiratory centres, and the energetic actions of dyspnoja 
are induced. Tlie hurried and excited respiration of 
febrile conditions contrasts with the slow and labored 
respirations of conditions of low temperature. The 
effects of a low temperature upon nerve centres have 
not yet been syatematically studied in ■warm-blooded 
animals ; but from observations made upon other parts 
of the nervous system of the frog than its cardiac gan- 
glia, the effects of cold are to benumb nerves, it seems, 
while high temperatures excite action. Thus when 
warmth is applied to motor nerves, contractions of the 
connected muBclea ensue ; and if the heat te greater, 
clonic pass into tetanic spasms. Further experiments 
are desirable to develop this important subject. 

The subject is indeed one of great practical impor- 
tance, and is not merely scientifically interesting. 
"When the respiration is labored, or the circulation is 
embarrassed, the organism does not evolve heat as 
efficiently as it does ordinarily, and the patient is apt 
to become chilled. This lowering of the body-tempe- 
rature causes lessened activity in the rythmically dis- 

n* 



k 



ANTAOOiriau or THERAPBUTIO AaSHIBj 

charging centres, and the tendency ia for tlie pat 
to fall into a state of collapse. This statement t 
not rest merely upon clinical observation, but is c 
roborated by experimental reaearch. Waltber fom 
tbat rabbits which bad been artificially cooled b 
low temperature (48° Falir.) and kept in a mediaJ 
not warmer than themselves, had not the power of re- 
gaining their normal temperature. But if artificial 
respiration were resorted to, they did recover t 
normal temperature : that ia, by artificial mei 
ical interchanges were kept up, and, when a cert 
point had been reached, the automatically acting i 
tres were enabled once more to carry on their fml 
tional work efficiently. The recognition of the effefl 
of temperature upon the cardiac and respiratory o 
tres is most important in practice, especially in 
wlicre both the respiration and the circulation . 
embarrassed, as in cases of chronic bronchitis combiq 
with emphysema. In these caaea the tendency | 
become chill — not so much by any great heat-loBB a| 
by defective heat-production — is very marked ; 
patient feels cool to the hand, and the temperatarajl 
below the normal to the thermometer. In cxbibititj 
drugs which act upon these centres thia must be b 
in mind in calculating the effects produced ; 
patients suffering from such diseases as cripple I 
respiration and limit the chemical interchanges 
thereby, it is most necessary to see that their I 
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heat is economized and conserved to the very utmost, 
Not only should they be warmly olad in flannel, or 
even fleecy hosiery, but they should be kept in a com- 
paratively high temperature, up to 60° Fahr, — if 
higher the breatliing would be embarraased ; and by 
means of hot drinks and warm food their body-heat 
should .be maintained as far as possible. In addition 
to this, hot poultices should be kept over the chest, for 
by such means the cardiac ganglia may be stimulated. 
AU are familiar with tiic good effects of hot poultices 
in cardiac embarrassment anil with the relief furnished 
thereby, the heart recovering itself under the influence 
so brought to bear upon it. By such means the action 
of agents which stimulate the respiratory and cardiac 
centres may be rendered more certain and more effi- 
cient. In making syatematic trial of these agents the 
body-temperature of the patients must be taken into 
consideration. It is almost impossible to procure the 
desired eflects, at least with such doses as at present 
alone are thought safe to be administered, in those 
golid creatures seen in our out-patients' rooms in winter. 
They are so placed that no fair estimate can be made 
of the eifects of these remedial agents upon them. 
The temperature of all patients who sufl'er from exten- 
sive disease of their respiratory organs must be artifi- 
cially maintained at the normal point, if the circulation 
and respiration are to be carried on efficiently ; or be 
roused by the administration of agents which stimulate 
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the activity of these centres. The labored breathing 
of chronic asthmatic patients is aggravated in cold 
weather ; and thej are comparatively comfortable in 
bed, not only as to their ordinary sensations, but as to 
their respiration ; and the painfnl efforts of dyspnoea 
can 80 be largely reduced, and relief be bo afforded. 

The effects of tcmjierature are most important, and 
must be home in mind carefully in all attempts to 
stimulate the respiration and the circulation, by meana 
of agents which act upon the rhythmically discharging 
centres, which evolve the impulses that mfuntaiu the 
muaeular movements necessary to each. 

Of course, too, again comes in the purely negative 
lessons to avoid in such states drugs like chloral and 
opium, however much the appearance and the distress 
of the sufferer excite our compassion. To give tliem 
— at least in such doses as will give relief— is to tun 
the risk of stopping the action of these centres alto- 
gether ; indeed of killiug the patient. Unfortunately 
but too many instances have occurred to those whose 
experience is extensive, to leave any doubt upon their 
minds as to the great danger of giving sedatives in 
these conditions ; and that apparent hard-heartedneaa 
towards suffering is often the only safe attitude to 
maintain, 

This subject of the effect of temperature upon Uie 
respiratory and cardiac centres has a very practical 
bearing upon cases where artihcial respiration has to 
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be maintained. In spite of all efiForts, respiration fails 
in many cases, as opium poisoning, etc. It is neces- 
sary to remember that the good eflfected by the artifi- 
cial respiration may be more than counterbalanced by 
the bad eflfects of a falling temperature. The heat-loss 
may be silently counteracting all the efibrts ; and it is 
very necessary when artificial respiration is resorted 
to that the patient be kept warm by suitable garments, 
and if necessary by a high surrounding temperature. 

This brings the second section of this essay to a 
close. The practical use of antagonism will now 
engage our attention. 




This is a very intereadng outcome of tbe foregoing 
experiaieiitB, It will be seen tbat the recent applica- 
tion of tlic information acquired by experimentation ia 
opening up a field of practical knowledge hitherto 
scarcely entered upon. It ia not only that our knowledge 
of the antagonism of certain toxic agents ia leading to 
a bolder use of the different drugs in ordinary practice 
— because we can readily resort to an antagonist when 
needful, and when the indications are serious, and 
grave consequences are impending— but tbat phyaiolo- 
gical antagonists can be given when life is gravely 
threatened by toxic, or even lethal doaea of certain 
poisons, taken either accidentally or by design. A few 
illustrative eaaea of such uao of the knowledge of the 
antagonism of drugs may now be furnished. 

It will be well to commence with some inatances of 
the antagonism of belladonna and morphia, taken from 
tlie list of twenty-one cases collected by John Harloy 
in hia work on The Old Vegetable Neuroticg. A 
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pereou took an ounce and a half of tincture of opium, 
and at tlie lapse of twelve hours was deeplj comatose. 
Betwixt tiio fourteenth and seventeenth hours half an 
ounce of tincture of helladonna was given in divided 
doses ; at the acventeenth hour elTectual dilatation of 
the pupils was achieved, and the patient rapidly- 
recovered. 

In another case nine grains of muriate of nioqihia in 
solution were takeu in thirty-six hours. When seen 
there was profound coma. The respirations were hnt 
four or five in the minute, and the breathing was 
stertorous. The pulse was alow and feeble. The 
pupils were contracted. During four and half hours 
after this time six drachms of tincture of helladonna 
were given in 3 (drachm) doses at intervals. At the 
end of fourtoeu hours from the commencement of tills 
treatment the coma had entirely gone. The pulse was 
120 ; the respirations twenty to twenty-five per 
minute. The patient made a perfect recovery. 

A very remarkable case is one recorded by Dr. S. 
Weir Mitchell, given in the New York Medioal Jour- 
nal, vol. iv. p. 116. The patient had taken five (5) 
grains of sidphate of morphia. The treatment con- 
sisted of six drachms of tincture of bellailonna by the 
mouth and rectum, and one-third (J) of a grain of 
atropia subcutaneously at intervals. It was necessary, 
in addition, to resort to the galvanic current, and 
freely so, from the sixth to the eleventh hour, when the 
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action of t!ie morphia was moat apparent. The resjaa 
tioD waa maintained at from sixteen to twenty ■ 
minute. The patient ultimately recovered. 

A case of belladonna poisoning treated by opiti 
may be eontraated with these three cases. A quart 
of a grain of atropia had been administered by n 
take subcutaneoualy. In four and a half hours the) 
was delirium, agitation, the pulse waa small and fif 
quent, the respiration hurried and the skin hot, i 
face being flushed. At the fifth hour half a graiail 
morphia waa injected under the akin ; the patient 1 
came calmer, dozed, then fell asleep, and ultimata 
got quite well. 

These cases illustrate the practical utility of ( 
knowledge of the antagonism of hclludouna 
morphia, or opium. 

It is unnecessary to multiply those eases by qtioti] 
any more. The antagonism of morplda and atropin 
especially on the respiration, is well home out by tJ 



Since writing the above an opportunity of treatti 
case of opium poisoning has occurred to the writer^ u 
the treatment was conducted on the principles J 
down in these pages ; the effect on the respirataoo i 
carefully noted, and the danger of loss of bodj-h 
from the failing respiration borne in mind. 

On Feburary li, 1878, on arriving at the W«| 
London Uos]>ital at tlie usual hour, thu writer v 
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formed that a woman was in the hospital at the point 

of death from opium poisoning. As far as could be 

ascertained she had taken from twelve to seventeen 

grains of opium, in the form, of laudanum. This was 

at 11 A.M. She had an emetic given her at 11.30, 

and was then sent to the hospital. There she 

had another emetic administered, and the vomited 

matters smelt of laudanum, showing that the first 

emetic had not effectually emptied the stomach. Then 

strong coffee was given her, and she was walked about. 

The respiration was failing and was almost gone when 

the patient was seen by the writer at 2 p.m., the pulse 

being rhythmical and regular, though small. This 

showed the imminent danger to life from failure of the 

respiration. Being familiar with the effects of the 

injection of atropia on rabbits when the respiration was 

failing from the effects of aconitine, it was determined 

to administer such a dose of atropine to this patient as 

should have a pronounced effect upon the failing 

respiration. Consequently Mr. Lucas, the senior 

house-surgeon, was directed to throw into her subcuta- 

neously a grain of sulphate of atropia, which he did. 

This was done at 2.15 ; for ten minutes more the 

respiration went on still further failing — for some time 

is required for the absorption of the atropine — so the 

patient was put into a warm bed with a bottle of 

hot water to her feet. By the time this was done 

(other ten minutes) the respiration was noticed to be 
13 
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returning. There were four or five shallow respira- 
tions, with a long-drawn eigh each minute. The pupils 
were widely dilated. At 4.30 the woman waa breath- 
ing steadily thirtflen to the minute, the respiratory act 
being long and deep. The pulse was 132, full and 
compressible, while the temperature was only 97.5°, 
showing how it had fallen. At 8.30 the pulse was 128, 
the temperature 100.4°, and the respirations twenty- 
four per minute. She was sleeping deeply, but could 
be roused for a moment or so. At 1 a.m. of the 1.5th 
she was able to be roused up to talk a little, though 
not rationally. The respirations were now twenty-five 
in the minute, the pulse 120, and the temperature 
100.3°. The pupils were natural. At 10 a.m. she 
"was conscious and thirsty, but did not complain of 
much dryness of the tliroat. At 4 p.m. the pulse waa 
ninety-six, and the respirations twenty ; the tempera- 
ture 101.1°, pupils slightly dilated, and the patient 
perfectly rational. This was tfl-enty-nine hours after 
taking the laudanum and twenty-si.f and a quarter 
after the administration of tlie atropine. On the night 
of the 16th alie was restless and noisy, and on the nth 
waa apparently suffering from delirium tremm*^ and 
removed to the workhouse. 

It seems scarcely probable that the belladonna had 
anything to do with the cerebral excitement, for all its 
other effects had passed off some thirty hours before, 
and it was fifty three hours after the injection of the 
atropia. It seemed more as if the palienl had re- 
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lapsed into the condition she was in when she originally 

* 

took the laudanum. As to the antagonism of these 
two drugs, it seemed that the effect of the atropia was 
far greater on the respiration, the circulation, and the 
temperature, than on the sensorium ; for the patient 
slept soundly, and when aroused was not excited, while 
the respiration and the circulation rose. 

The only mishap was a blister on each leg from the 
effect of the hot bottle. On the day week after her 
suicidal attempt she appeared before the magistrate to 
answer for her offence. 

The dose of atropine here administered was large, 
but then the emergency was great. The results justi- 
fied it however. It is probably the first time a lethal 
dose of one poison has ever been deliberately given to 
a human being to antagonize the toxic effects of another 
poison. Dr. John Harley states in a letter to the 
British Medical Journal^ March 2d, that a grain of 
sulphate of atropia will usually prove fatal, even though 
another poison be previously present ; but what data 
he has for such a statement he does not say ; nor am 
I aware of any experiments as to the antagonism of 
atropia and opium that have been performed on man 
with grain-doses of atropia, which alone could entitle 
him to make such a statement. 

If a case of opium poisoning were to present itself to 
me again, especially at an early stage, where I could 
carry out my ideal plan of treatment, it would go as 
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follows: — Firat empty the atomach thoroughly, 
inject a fourth or a third of a grain of atropine before ' 
the respiration ia gravely affected ; then put the patient 
to bed and carefully note the respiration, the pulso, and 
the teni])eratiire. If the respiration was still falling 
half an hour after the adminiatratiou of the atropine, 
to inject another third of a grain, and still to take 
careful notes ; and give a third of a grain, or even 
more, if the respiration still fell. By such inoans 
probably it would be possible to detect any great sus- 
ceptibility to belladonna in the case operated upon ; 
for this varies greatly, as my experience at Victoria 
Park Hospital tolls me very distinctly. "With some 
patients it takes one twenty-fifth (a'jth) of a grain of 
atropia to produce the effects readily attained ivith one 
seventy-fifth (^jth) of a grain in others, viz., arrest of 
the night-sweata, with some dryness of the throat and 
some disturbance of vision. This susceptibility to or 
tolerance of belladonna must ever remain a disturbing 
factor in the treatment of every case of opium poison- 
ing ; but the one must be home in mind as well as the 
other, and the operator must see that in his fear of 
haring a patient to deal with who is very susceptible 
ta belladonna, and in his anxiety to avoid subsequent 
atropine poisoning, he does not let a life slip through 
his hands from the patient being one of those who is 
very tolerant of belladonna, and requires it exhibited 
freely. Such risk each man must run for himself: it 
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is unavoidable. If the patient were at the point of 
death, as in the case above, the most timid need not 
fear to give half a grain of atropine at once, and follow 
it by a second if at the end of an hour marked im- 
provement had not set in. But such an advanced con- 
dition should never in the future be reached before 
atropine is used. 

By giving the atropine in the manner described 
above, the risk of atropine intoxication will be largely 
avoided. Even if toxic symptoms are produced, they 
may become decided, especially as regards delirium, 
without any serious danger to life. Every case of 
opium poisoning for the future should be regarded as 
an experiment to be carefully observed ; and if this be 
done, and the treatment skilfully applied, much infor- 
mation, as well, probably, as success, will be furnished 
thereby. 

The application of the knowledge of the antagonism 

of remedies to the treatment of strychnia poisoning 

furnishes some startling results. So early as 1867 

Dr. Keyworth resorted to Calabar bean in a case of 

strychnia poisoning. A lunatic took a packet of Battle's 

vermin-killer, which contained, from an estimate made 

of like packets, three grains of strychnine. This was 

at 11 P.M. At 7 A.M. next morning she was seen by 

Dr. Keyworth, her muscles were rigid and relaxed at 

intervals, and she had been in this condition since 2 

A.M. He sent for some tincture of Calabar bean, and 

12* 
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of this he ailministereil half a drachm every liair-li<ri 
till four doses were taken ; then half a drachm at the 
lapse of aa hour, and repeated the next hour ; and then 
fifteen minims every two hours. Half an ounce waa 
given in all. When first seen the pnlse was thiu and 
weak, and the patient could scarcely speak or swallow. 
The effect of the Calabar bean in relaxing the spai 
was seen in twenty (30) minutes after the administ^ 
tion of the first dose, and became more marked af% 
each repetition. The case entirely recovered. This 
case was not treated by Calabar bean on any distinct 
theory of its being an antagonist to strychnia, but on 
account of its having been successfully used by Dr. 
Eben "Watson of Glasgow in eases of tetanus. The 
antagonism of the two agents was however well demon- 
strated by the results. 

A stiil more remarkable case is one recorded by Dr. 
Charteris of Glasgow. A butcher in Glasgow swal- 
lowed two sixpenny packets of vermin-killer with suici- 
dal intent. He bad taken the poison at 11.30 a.m. on 
a full stomach, which apparently retarded absorption. 
An emetic had been administered at 1 p.m., and at 
3.30 P.M. he was carried into the Royal Infinnary, 
where the house surgeon used the stomach-pump. At 
4.50 Dr. Charteria saw him and prescribed a drachm 
of the syrup of chloral hydrate, of the strength of ten 
grains to the drachm. In twenty minutes this was re- 
peated, and at 5.30 p.m. two drachms were ^ven. 
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After a severe spasm he was much better, but the 
breathing was still hurried. At 6 p.m. another 
drachm was given, and the spasm following this was 
much less violent. At 7 p.m. another drachm dose 
was given, and at 9.30 p.m. a final dose. Thus alto- 
gether he got ten drachms of the syrup, or one hundred 
(100) grains of chloral. He ultimately made a good 
recovery. 

This case contrasts well with that recorded by 
Levenstein, and alluded to before, where a man aged 
35 was poisoned by six drachms of hydrate of chloral. 
Knowing the observations of Oscar Liebreich as to the 
antagonism of strychnia and chloral hydrate, he deter- 
mined to try the effects of strychnia. The account of this 
case, as given by Sidney Ringer, is as follows : " When 
first seen he lay in a profound sleep, with congested 
face, heavy breathing, and a pulse of 100. An hour 
after the poisoning he became livid, the veins were 
distended, the respirations were intermittent, and his 
temperature was 103° Fahr. A hour and a half after 
the dose he became pale, pulseless, with contracted 
pupils, and his temperature had sunk to 91.2° Fahr. 
Nitrate of strychnia, enough to produce twitching, was 
then injected hypodermically, and the heart began at 
once again to beat, and the thermometer marked 91.9° 
Fahr. ; collapse, however, returned in a few minutes, 
the circulation appearing to stop. Artificial respira- 
tion was performed, and nitrate of strychnia again in- 
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JGcted, with the same result as at first. In ten hours 
the pupils actod to light ; in twelve the temperature 
was 100.4° ; in twenty-two hours he could be roused, 
and after thirty-two hours he awoke ' quite refreshed,' 
and did not complain of any gastric disturbance." 
These two cases arc very important as demonstrating 
the antagonism of these two drugs in man aa well as in 
animals. 

Dr. H. C. Wood gives a brief allusion to a case of 
strychnia poisoning successfully treated by bromide of 
potassium. It occun'ed in the hands of Dr. Cephiw L. 
Bard, who reported it in the P}iiladelpkia Medical 
Times, vol. i. Three grains of the alkaloid had been 
taken, and there was no vomiting ; bnt under the 
exhibition of half an ounce of bromide of potassium, 
followed up by smaller doses for an hour or so, the 
patient recovered. The symptoms were as intense as 
were compatible with life ; but general relaxation was 
produced in thirty minutes after the ingestion of the 
counter-poison. 

Another highly instructive and interesting case of 
the use of the antagonism of drugs in actual poisoning 
is related by Dr. William Dobie, of Kcighley, York- 
shire, It goes as follows: "A veterinary surgeon 
determined to commit suicide, drank freely, and then 
took a quantity of aconite ; how much is not certain. 
Dr. Dobie saw him in a few minutes, and administered 
an emetic. At this time there wer<,' no symptoms of 
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aconite poisoning. Half an hour later he returned 
with his partner, and found that the emetic had acted, 
and that the bowels also had moved. At this time 
the pulse was rapid and feeble, and the hands and 
feet were getting cold. " An attempt to give am- 
monia and brandy brought on alarming prostration ; 
the breathing became labored ; the pulse at the 
wrist irregular, intermittent, and finely imperceptible. 
There was a quantity of frothy mucus discharged 
from the mouth and nostrils ; the skin became dusky ; 
a cold clammy sweat bedewed the face and forehead ; 
in a word, the patient was dying." So runs the 
report : and the vivid sketch shows how close a simi- 
larity there exists in aconite poisoning betwixt the 
symptoms in man and those exhibited by animals. 
As the patient was unable to swallow, twenty drops 
of tincture of digitalis were injected subcutaneously, 
and galvanism applied to the cardiac region, and kept 
up for twenty minutes. A minute or two after this 
the patient was able to swallow some ammonia and 
brandy, with a teaspoonful of tincture of digitalis in 
it. Marked improvement followed, and this mixture 
was twice repeated within an hour, " by which time 
the breathing had become easier and the circulation 
re-established." The patient recovered perfectly, 
and next morning expressed his surprise at being 
alive, as he had taken, he asserted, an ounce of Flem- 
ing's tincture of aconite. The early administration of 
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the emetic no doubt prevented the absorption of a 
large quantity of the poiaon, but enough had been 
absorbed to produce the most serious symptoms. The 
Bmall quantity of aconite left in the bottle was tested, 
and it was found that two mininis killed a young 
sparrow in 3J minutes, while the same quantity of a 
fresh specimen was thirty seconds longer iu producing 
a fatal result. It is impossible to avoid the conclusion 
arrived at by Dr. Dobie, that the digitalis was the 
great factor in the production of the favorable result, 
though no doubt the ammonia helped. Dr. Dobie 
states that the idea of using digitalis in this case was 
suggested to him by his acquaintance with my experi- 
ments, performed for ray Essay on Digitalis. 

These cases furnish the final corroboration requisite 
to demonstrate the antagonism of drugs within the 
organism, and to show bow research upon animals can 
be utilized for the needs of human beings. They 
illustrate that the action of drugs upon animals is sufE. 
ciently near their action upon man to furnish guidance 
for their use practically in cases of poisoning. Slight 
modifications in their general actions there may he, 
true ; and the results of experimentation upon animals 
cannot be applied absolutely to man. But how nearly 
tliey come the foregoing cases show. Enough has 
already been achieved to jilace beyond all doubt op 
cavil the fact that certain toxic agents antagonize each 
other witliin the system ; and that a lethal dose of oaa 
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poison will be survived if a sufficient dose of another 
toxic agent be given in sufficient time. What these 
different 'antagonistic agents are, in the present state 
of our knowledge, and how they act, has been related 
in the past pages of this Essay. 

The last thing that remains to be done is to review 
the subject of the practical value of such acquaintance 
with the antagonism of remedial agents, and how far 
such knowledge can be made serviceable in the ordi- 
nary routine of practice. 




USE OF ANTAGONISM OF DRUaS IN ORDINARY PRACTICE, 

TiiE lessons taught by the foregoing exammation of 
the antagonistic action of certain toxic agents may be 
summed up as follows. 

Oircutation. — We possess in digitalis, in bella- 
donna, in casca, and strychnia, agents which dis- 
tinctly act upon the heart, and produce more pcrt'oct 
ventricular contraction when it becomes necessary or 
desirable to excite this, as in conditions of cardiac 
debility either temporary or permanent. In toxic 
doses, such as are not in any way serviceable in prac- 
tice, these drugs arrest cardiac action: but in medici- 
nal doses they arc perfectly safe and trustworthy. 

On the other hand, in aconite, in Tcratria, in chlo- 
ral, in morphia, and in Calabar bean we possess car- 
diac depressants of a potent character, which may be 
used with advantage where there is vascular excite- 
ment and the heart's action is powerful and it becomes 
desirable to lower or moderate it. But these depres- 
sants are liable at times, from causes not always appa- 
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rent, to produce ranch more depression than is sought, 
and so to threaten life. They must be used cautiously 
and watchfully. They are contra-indicated in all con- 
ditions of cardiac asthenia or embarrassment. 

One class of agents excite action in the rhythmi- 
cally-exploding cardiac ganglia. The other class 
lower the activity of these rhythmic centres. 

Respiration, — In like manner are the agents affect- 
ing the respiration to be arranged. We have seen 
that there are agents which stimulate and those which 
depress the respiratory centres in the medulla ob- 
longata. The first class comprises the true stimulant 
expectorants, viz., ammonia, belladonna, strychnia, and 
some other agents — as senega, aramoniacum, and squill, 
whose actions have not yet been carefully examined 
into. Squill acts powerfully upon the heart. Several 
observations have been made as to this action, and it 
has been found that squill excites increased ventricular 
contraction, and that, too, markedly. There seems 
every reason to believe, in the absence of any direct 
information, that squill acts, too, on the respiratory 
centres, and is, like belladonna, a direct stimulant of 
these centres. 

These stimulant expectorants can be used with ad- 
vantage when the respiration is embarrassed. They 
enable the patient to breathe more perfectly, and so 
give relief in conditions of oppressed respiration. 

Consequently we sec that expectorants must be 
13 
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divided into two classes : (1) the true atimulaat I 

peetorants, and Cl) those which act upon tho bron- 
chial lining membrane and increase the secretion of 
phlegm. 

The first enable the patient to breathe, and so to 
cough more efficiently ; the second make the mucua 
less tenacious, so that it is more easily coughed up. 
Ammonia represents the first class, and iodide of 
potassium the second. Thus in a case of severe bron- 
chitis, where the respiration is embarrassed and the 
secretion not very loose, these di'ugs would be com- 
bined and ^ven in a vehicle like senega. In a case 
of chronic bronchitis strychnia or belladonna would 
be added to an alkali and to an agent like ammonia^ 
cum. So too strychnia or belladonna may be admin- 
istered in acute affections where the respiration is 
falling. Thus in a case of acute bronchitis where the 
phlegm is loose, the patient bathed in perspiration, 
and the powers failing, ammonia and strychnia should 
be given together in a vehicle like squill, senega, or 
ammoniacum. In chronic conditions the same form of 
combination may be resorted to with advantage, 

A few cases illustrating the utility of strychnia and 
belladonna as stimulants to the respiratory centre may 
now be advantageously recorded. The first is an 
acute case, where t!ie effects were most satisfactory. 
It is furnished me by my friend Dr. D. Thomas, of 
Yfltalyfera, and occurred in October, 1873. *' W. B., 
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set. 48, working in a tin-plate factory, of fair healthy 
constitution, though not very robust, was seized with 
well-marked rigors, headache, and vomiting. Very 
early the respiration became hurried and very dis- 
turbed, with a temperature, at times 103°. The 
symptoms throughout were of an aggravated cha- 
racter, and towards the eighth day much exhaustion 
and weakness were present. The treatment at first 
was of the ordinary kind. But as soon as the 
adynamic symptoms came on we gave all the stimu- 
lants and the most supporting diet we could think of. 
Notwithstanding all this, towards the eighth day he 
seemed to be getting more and more oppressed in his 
breathing, with, as I have in my notes, ' the weak, 
irregular pulse of a dying man.' In this stage I 
gave him tincture of digitalis, tincture of nux vomica, 
and carbonate of ammonia. Next day my report 
was, ' W. R. wonderfully better. I would not believe 
any drug could have such an effect upon the pulse as 
digitalis must have had upon his.' He made a capital 
recovery, and has enjoyed admirable health ever 
since." Here, doubtless, the effects of the ammonia 
and strychnia upon the respiratory centre, as well as 
those of the digitalis upon the cardiac ganglia, must 
be taken into the calculation as to the satisfactory 
results obtained. 

My colleague. Dr. Tuorowgood, has told me of a 
case of desperate bronchitis, where the addition of 
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strjchnine to the mixture made all the difference ap- 
parently betwixt life and death ; but, unfortunately, 
he has kept no not«s of the case. 

No opportunity of treating acute bronchial affec- 
tions has offered itaelf to me since the formulation of 
the above views about belladonna and strychnia ; but 
an extensive experience of them in chronic condilaous 
has satisfied me as to their usefulness in practice. Of 
course, all cases are not markedly benefited by the 
use of these agents ; but the great majority decidedly 
are benefited thereby. The following are a few of 
the most complex cases which have been successfully 
treated. In each, in addition to the disease, there 
was also a habit of taking narcotics. A gentleman 
came under my care last October in the following con- 
dition. He bad oedema in both legs. Ids heart was 
that of a gouty man, and the hypertrophy was failing, 
and there was some irregularity in his pulse. He was 
a gouty man, and some joints were crippled by gout. 
His chief complaint was difficulty of breathing, aggra- 
vated by flatulence. Tlie breathing was persistently 
difficult, and in the night he was subject to distressing 
attacks of dyspnoea (ursemic dyspntea), which tried 
him sorely. He also had much itching of the skin. 
He had acquired a few years ago the habit of taking 
some Battley's sedative for a very painfiU affection, 
and continued it, apparently not being able to abandon 
it without suffering. lie always had some at hed-time. 



ANTAGONISxM IN ORDINARY PRACTICE. 149 

as without it he could not sleep. Seeing that it Avas 
clearly undesirable to stop the opiate, I put him upon 
strychnia. In a fortnight the attacks of dyspnoea had 
entirely disappeared, the pulse was improved, and the 
oedema was reduced. The flatulence was much better, 
but still troublesome. The improvement steadily con- 
tinued, until a thick fog in January set up inflamma- 
tion of the bases of both lungs. The breathing was 
much embarrassed, as might be expected, but through 
it all there was never an approach to an attack of 
dyspnoea. His family and nurse often remarked this, 
saying that if one of his old attacks had come on in 
the midst of the embarrassed breathing, he must have 
died then and there. So much tone, however, had a 
three months' course of strychnia given to the respi- 
ratory centre, that it never failed under the trial to 
which it was subjected. The oedema of the legs 
became great as the breathing improved: and Sir 
William Jenner recommended the addition of some 
digitalis to the strychnia pill. The oedema fell 
steadily ; and the general condition improved under 
the combination; and the case is progressing as 
steadily and satisfactorily as such a case possibly 
can; the patient often stating that he feels much 
better than he ever expected again to feel. Here the 
strychnia not only improved the respiration, but 
warded ofi" the attacks of dyspnoea produced by the 
efiect of the opiate upon the respiratory centre. 

13* 
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In another case, a. patient at Victoria Park Hos- 
pital, where there is chronic bronchitis with emphy- 
sema, Gr[nallj aatisfactory results have been attained. 
The patient, a very intelligent man, had long taken 
narcotics to induce sleep, under a physician as a 
private patient. He could not sleep without a nar- 
cotic, and then woke up constantly with an attack of 
dyspncea during the night. I explained to him that, 
in ray opinion, the attack of dyspnoea was due to tlie 
effect of the narcotic, and prescribed for him ammonia, 
nux vomica, and digitalis. After the first night he 
had no more dyspncea, and could lie down and sleep 
like other people, without feeling the need of a nar- 
cotic. His gratitude has only been equalled by Ins 
surprise. The proof that this was no mere coinci- 
dence is furnished by the fact that, feeling well, he 
neglected to get a new letter, and was without his 
medicine for some days. On the third night he bad 
an attack of his old dyspncea, which made him return 
to his medicine without further delay. 

A third case is furnished by a gentleman of literary 
habits, well read in medical literature. He was the 
subject of lithiasis, had corded arteries, an hypertro- 
phtcd heart, with irregular action, chronic bronchitis 
blended with emphysema, and great vesical irritability. 
In addition to this there was a regurgitant mitral 
murmur, and he habitually took chloral at bed-time, 
and almost every night had an attack of dyspnoea. 
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This was a very diificult case to treat, through the 
complexities, and what " line of cleavage" was to be 
adopted was not an easy thing to see. His nose, 
cheeks, and hands were of a blue hue, from the par- 
alysis of his peripheral arterioles by the chloral. I 
commenced by giving him some ammonia, nux vomica, 
and digitalis. He improved very considerably, and 
all but lost his attacks of nocturnal dyspnoea. But 
the strychnia so excited his irritable bladder centres, 
that it had to be stopped, and belladonna, which exer- 
cises the same influence over the respiratory centres, 
but which lessens the activity of the bladder centres, 
was given in its stead. This change met the emergen- 
cies of the case admirably, and the improvement was 
steady and gratifying. The chloral at night was not 
stopped, but the dose was lessened and some opium 
substituted. The blue hue of the face and hands has 
almost entirely disappeared ; and what is more, the 
mitral murmur has vanished, and the heart beats 
steadily. Altogether he is very much satisfied with 
his progress. 

These cases illustrate the potency of strychnia and 
belladonna, not only in diseased conditions, but also 
where a toxic agent is in action. The substitution of 
one series of agents for another series with advantage, 
is well demonstrated in the second case quoted. In 
the first case, the power of strychnia to counteract the 
effects of opium on the respiratory centre is well 



15^ ANTAGONISM OP THERAPEUTIC AdKNTS. 

shown. Ill tlie third case, the toxic efiecta of chloral 
waa aiitugonizcd hj the agenta given. In this case, 
too, the effect of strychnia upon the bladder centres is 
well seen. Tliis constitutes an ohjeetion to the use of 
strychnia in some elderly persona ; but in these cases 
belladonna moets the difficulty very satisfactorily ; 
and where great vesical irritability is complained of 
in cases of chrooic bronchitis linked with emphysema, 
and found along with lithiasis, it is well to add bella- 
donna to the mixture given, as it usually gives great 
relief, and thus the patients vest better at night, being 
less disturbed. 

A number of unconijOicated cases might be quoted 
if it were desirable to do bo. These three eases are 
illustrative, because in them there was not only a 
morbid coniiition, but also the effects of depressants 
of the respiratory centre to be combated. Ab w^ 
as these two classes of agents, there are the deprea 
ants, which again may be simple neurosal dcpressaiitl| 
like aconite, Calabar bean, or chloral ; or really n 
scant expectorants, like tartar emetic, lobelia, 
ipecacuanha, which depress the circulation (and j 
bably the respiration as well), and at the same l 
cause the bronchial secretion to become freer. 
are useful in the early stages of bronchitis, for i 
stance, where the lining membrane of the air-tabes d 
swollen and the secretion almost wanting. This s 
over, atid free secretion estahhshod, then the stimol 
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expectorants come in and maintain the flagging respi- 
ration, and often enable a case where the result is 
very doubtful to turn the comer successfully. Proba- 
bly, in these cases, full doses of strychnia or bella- 
donna are indicated in addition to the ordinary drugs 
employed. 

In the neurosal afiections of the respiratory organs, 
the various factors of each case must be weighed and 
calculated for before the choice is determined, whether 
a respiratory stimulant or depressant shall be selected. 
Where the respiration is embarrassed, a respiratory 
stimulant is indicated ; where it is excited, a respira- 
tory depressant will rather be calculated to be of 
service. 

There are other uses to which these stimulants of 
the respiration and circulation may be put. And it 
will be seen that already these views have passed the 
merely speculative stage. In death by chloroform 
either the respiration or the circulation fails. Is it 
possible to obviate this danger by the use of some 
agent which stimulates the centres connected with 
these systems, given synchronously ? It is clear that 
it would often relieve anxiety, to say the least of it, 
and be of actual service where failure of these systems 
may be apprehended, if such agents could be admin- 
istered. Where such failure seems threatened the 
administration of strychnia or belladonna before the 
chloroform might prevent a fatal result, and in othei 



ft 



1S4' ANTAeOBISH OP THERAPBTTTIO AOBNTFS. 

cases ward off serious sjmpt«ms. This is a line of 
inquiry well worth pursuit, and if worked out will 
probably give some valuable information. For even 
now we possess some positive knowledge about tliis 
matter. In tho Loiidon Medical Record for July, 
1877, is a brief account of some remarkable words 
which fell from Dr. Gaillard, before the Kentucky 
Medical Association. " By tlie occasional use of 
ammonia on the towel tho heart can bo sustained in 
effective action during the longest operation." The 
report is by J. T. Clover, whose reputation in the mat- 
ter of aneosthetics is a guarantee that this idea is a 
good one, else ho would not have recorded it in the 
pages of that jouma!. Ammonia sustains the action 
of the respiratory centres as well as the heart. Dr. 
Gaillard's idea may be found ere long to have blos- 
somed and borne fruit of a most valuable character. 
The possibility of getting rid of a dangerous and aa- 
aought action of one drug by the co-administration of 
another must now be entertained; and all that is 
apparently wanted is further observation in this direc- 
tion. 

Such tactics need not bo con&ned to the risks of 
chloroform only ; they may be extended to other 
agents. Thus there is the pill alluded to before, where 
morphia and atropine arc combined, so as to arrest tho 
perspirations which would result from the exhibition 
of morphia alone, in doses large enough to bo effective 
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in the sleeplessness of phthisis, where there is a rack- 
ing cough. Indeed the way seems clear in the future 
to the administration of much larger doses of opium 
and morphia than are at present thought safe, if the 
depressant effects upon the respiration and circulation 
be warded off by the co-administration of atropine, 
which acts very specially upon these two centres. 
The morphia would thus act upon the other cerebro- 
spinal centres, and yet its effects upon these automa- 
tically-acting rhythmic centres would be largely antag- 
onized. Thus in conditions of severe osteoid pain, or 
in carcinoma, in renal colic, etc., doses of opium might 
so be administered with safety — which otherwise 
would be unsafe from the unsought action they would 
exert upon the respiration and circulation. 

This again is not a mere speculative hypothesis. A 
case is given in the Practitioner for one of the later 
months of 1875, where Dr. Broadbent was called in 
consultation by me to a case of carbuncle of the lip, 
and where there were delirium and insomnia, com- 
bined with great asthenia and feebleness of the circu- 
lation. It was dangerous to push opium freely alone ; 
so it was decided to administer some digitalis at the 
same time to sustain the action of the heart. By this 
means 100 minims of tinctura opii were administered 
safely ; the patient slept soundly, without the circula- 
tion failing, and ultimately made an excellent re- 
coverv. 
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A great future Ilea before tberapeuties, apparently 
at least ; and this power to antagonize an undesirable 
and unaougbt action of a potent remedy wiU add ma- 
terially to ita utility, and the safety with which it may 
be wielded in practice. 

Tbia practical use of the knowledge of the antag- 
oniem of agents, so that they may be co- administered 
with advantage in certain cases, is spreading rapidly. 
Already in our textrbooks are to be found directions in 
the treatment of atonic gout to prevent the depressant 
action of potash upon the heart by the co-adminiatra- 
tion of stryclinia or digitalis. Some persons are 
readily depressed by ordinary doaos of potash, and 
here these agents may be added to tho potash mixture 
with advantage. In cases, too, of gout with a dilated 
heart potash may be given freely, even with the de- 
pressant colchicum, if digitalis be added ; digitalis in 
no way interfering with the other actions of these 
agents whiuh make them of service in gout. In like 
manner in atonic gout, if the alkaline treatment is 
found to attenuate the blood too much, chalybcates 
may be added to the potash mixture, and the normal 
condition of the blood be maintained. 

In another direction the practical utility of autag- 
onism is famously illustrated, and that is in the power 
possessed by liydrobromic acid to control cinchoniam, 
and to eiialilc quinine to Ije taken without discomfort 
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by many who without this adjunct cannot tolerate this 
anti-periodic. 

Finally, the destructive haemolytic action of mercury 
in cases of constitutional syphilis, where it must be 
given for long in large doses, and the cachectic condi- 
tion of the patient apparently forbids its use, the 
co-administration of iron will be found to counteract 
the haemolytic action, and permit the drug to be 
pushed with advantage for practically unlimited 
periods. 

Such are the practical fruits already at hand of the 
growing knowledge of the antagonism of drugs. Re- 
search into such antagonism is not merely of interest 
to scientific men ; it promises to exercise a most potent 
influence over, and to be of the utmost service in, 
ordinary e very-day practice. 
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